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INTRODUCTION 
Conservation tillage practices can reduce soil loss as much as 90% compared to 
conventional tillage (Mueller et al., 1985). Although concerns remain about yields, plant 
stands, fertilizer rates, and weed and insect control, this overwhelming benefit of 
conservation tillage makes it an increasingly valuable farm practice. Conservation tillage may 
offer farmers the "economically feasible" solution to soil erosion problems (Mueller, et al., 
1985). 
In addition to the concerns addressed above, however, questions are beginning to be 
raised about the impact of conservation tillage, and particularly no-till farming, on soil 
properties and structures and their possible effects on the quality of surface and subsurface 
drainage. Blevins et al. (1983) hypothesized that the additional soil surface residues 
associated with conservation tillage and its reduced soil mixing and manipulation "may 
greatly modify the soil environment" compared with conventional farm practices. 
The form of that "modification" which is of concern to this research relates to the 
impact of conservation tillage on the development of macropores and any subsequent water 
quality effects. Thomas and Phillips (1979) wrote "only in the last few years have soil 
scientists rediscovered the findings of Lawes et al. (1882) which indicate a significant 
amount of water movement can occur in soil macropores." Lawes et al. had realized this 
water moving through these subsurface open channels in the soil profile did so with minimal 
interaction with the water already present in the profile (Thomas and Phillips 1979). 
This water movement has been called "concealed surface runoff' by some, and 
"subsurface storm flow" by others (Thomas and Phillips, 1979; Beven and Germann, 1982). 
This terminology can be appropriate. Thomas and Phillips (1979) found that "in some soils 
with strong structure and rapid water addition, nearly all the water flows through the soil 
macropore and essentially no displacement of soil water occurs." They also note some 
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research has shown 50% or more of the water displaced, indicating the amount of 
displacement is "related to the rate of water movement in the macropores [vs. the rate] 
through the main matrix in the soil." These rates are influenced by several factors including 
water addition rate, pore sizes and tillage (Thomas and Phillips, 1979). 
The potential relationship between tillage method and pore size and continuity is 
within the scope of this paper. Blevins, Thomas, and Cornelius (1977) found greater water 
transmission in no-tilled soil due to "better pore continuity and increased earthworm 
activity." Kanwar, Baker, and Laflen (1985) noted "tillage disturbs the macropores in the 
upper 15-30 cm of the soil profile, whereas no-tillage allows developed macropores to 
persist." 
The consequence of this macropore flow of most concern to this research is its effect 
on predicting water and solute movement. As Thomas and Phillips (1979) describe, the effect 
of macropores will be to cause some of the salts in the surface of a soil to reach a greater 
depth than predicted by piston displacement, while much of the salt will be bypassed and 
remain near the soil surface. Because of this, "it is not likely that water will carry a surge of 
contaminants to groundwater at some time that is predicted by Darcian theory" (Thomas and 
Phillips, 1979). Kanwar, Baker, and Laflen (1985) agreed: " ... the time required for water to 
carry some of the nitrate-nitrogen (N03-N) to groundwater is not predicted by Darcian 
theory since assumptions of homogeneity of hydraulic properties of soil over some cross-
sectional area will not be valid; however, the nonhomogeneous flow of water through 
macropores may mean less total leaching inasmuch as N03-N within soil aggregates may be 
bypassed. " 
The unpredictability of macropore flow and the currently unconflrmed relationships 
between macropore development, continuity, and tillage make this area ripe for research. As 
Beven and Germann (1982) noted: " ... modeling subsurface storm flows involving 
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macropores must be highly speculative. Until we have more experimental information on 
macropore flows, the best purpose that theoretical {sic} modeling ... can serve is to point to 
the type of data required ... It is likely that the nonlinear dependence of macropore flows on 
spatially variable antecedent moisture conditions and intensity of water supply rates will 
mean that such indirect methods will ultimately prove of only limited usefulness." 
This research be gins to provide "the type of data required." The objective of this 
study is to develop information so the following relationships can be initially assessed: 
1. Compare macropore size, quantity, and continuity through the upper root zone to 
tillage method. 
2. Determine the effects of rainfall intensity and duration on solute/water flow 
through the upper root zone, considering tillage method employed. 
3. Evaluate the impact of light initial rainfall on solute/water flow for varying 
subsequent rainfall intensity, duration, and tillage methods. 
4. Measure the effect of solute type on solute flow through the upper root zone for 
varying rainfall intensity, duration, and tillage methods. 
Ultimately, the above information will be used to address the relationship between 
macropore size, quantity, continuity, and water/solute flow for varying rainfall and moisture 
conditions. 
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LITERATURE REVIEW 
The following reviews current literature concerning macropore development and 
herbicide/nutrient transmission as related to tillage and rainfall. 
Macropores/Infiltration/Earthworm Activity 
The call for research 
Thomas and Phillips (1979) made a strong case for the presence of what has been 
referred to as "underground storm flow." They maintained the presence of macropores and 
their impact on infiltration were underestimated by researchers in general, and they asserted 
the existence of macropores made it unlikely water would "carry a surge of contaminants to 
ground water at some time that is predictable by Darcian theory." 
Beven and Germann (1982) asked a number of questions relating to macropores and 
the development of macropore theory including what defines a pore space as a macropore 
and "what are the implications of macropores for movement of solutes and chemical 
interactions in the soil?" They called for further research and the ultimate development of an 
integrated, coherent flow theory which would make the "concept of distinct categories of 
macropores and matrix ... redundant." They maintained the difficulty in accomplishing this 
goal would "not be one of theoretical development but of obtaining the experimental 
information to apply the theory at the field scale." 
Quantifying macropores 
Researchers have been trying to either estimate the impact of macropores through 
experimental data or actually quantify them by various means of counting and measuring 
them with some researchers studying the best methods to do the latter (Singh, Kanwar, and 
Thompson, 1989). Efforts to count, measure, and/or determine the continuity of macropores 
have produced inconsistent but interesting results. 
5 
De St Remy and Daynard (1982) found little difference in the number of earthworms 
recovered from the top 20 cm of soil in comparing fall moldboard plowing to no-tillage 
treatments during a two year tillage experiment Overall, they found the tillage treatments did 
have a measurable effect on earthworm activity in the surface soil; however, they found the 
effect was largely related to the impact of spring tillage. To the extent macropore 
development is related to earthworm activity, their findings reflect a limited distinction in 
macropore development between no-till and fall moldboard plow treatments. 
Ehlers (1975) counted earthworm channels ranging from 2 to 11 mm in diameter to 
the 80 cm depth. At 2 cm, Ehlers found a total of 117 earthworm channels in no-till soil 
compared to 27 channels in the tilled soils. At slightly greater depths, these relationships 
held. At 20 cm, 141 channels were found in the untilled compared to 79 channels in the tilled 
soils. The channels counted numbered 305 in untilled vs. 187 in tilled soils at 30 cm. The 
differences narrowed at 60 cm where 363 earthworm channels were counted in a square 
meter of untilled soil and 348 channels were found in the tilled areas. Ehlers found that 
within four years of no-tillage practice, the number and volume percentage of earthworm 
channels nearly doubled in the Ap horizon. Further, Ehlers calculated the maximum 
inflltrability of earthworm channels in the untilled soil was more than 1 mrn/min (1liter/m2), 
while the volume of these channels was only 0.2%. 
Edwards, Norton, and Redmond (1988) used an image analyzer and dye treatments to 
conclude large, continuous worm holes allowed rapid inflltration through no-till soil during 
intense storms. They studied run-off in a 7-year period (1979 to 1985) from a watershed in 
no-till corn since 1964 (watershed 191). During that period, 13% of the precipitation fell at 
an intensity greater than 50 mm/h but only 11.17 mm «1 % of total precipitation) left the no-
till watershed as surface run-off, compared to a neighboring conventional tillage watershed 
where more than 700 mm of runoff were recorded for a four year period (1979-1982). At 
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eight sites within the watershed, the researchers found an average, over a depth of 30 cm, of 
160 macropores greater than 5 mm in diameter per m2. 
Singh, Kanwar, and Thompson (1989) quantified macropores (pores larger than 1.6 
mm equivalent diameter) under no-till and conventional tillage systems using two methods: 
AUTO CAD and image analysis. The relationships between tillage systems largely held 
regardless of the method of macropore quantification used although the quantities themselves 
did vary with method. They found conventional tillage showed a greater percent of the total 
cross-sectional area was occupied by macropores when compared to no-till; however, the no-
till areas showed a greater number of macropores. Since no-till sites carried more small-size 
macropores, the total average macropore perimeter was also higher for no-till. In both cases, 
the area of macropores decreased with increasing depth while the total number of macropores 
generally increased with depth under both tillage systems. Size-frequency distributions also 
showed more macropores in the lower size ranges for no-till (especially below 30 em depth) 
when compared to conventional tillage. The investigators attributed this to an "abundance of 
root holes, worm holes, ant holes, etc., in no-till .... " 
Lal (1976) studied maize plots near Ibadan, Nigeria that had received no tillage for 
three to four years. He found the mean infiltration rate for the no-till plot in 1974 was 0.91 
em/min compared to 0.30 cm/min for plowed plots. He found comparable results the next 
year and Lal attributed the higher no-till infiltration rates at least in part to increased 
earthworm activity. Earthworm casts were also counted in this study with the number of 
earthworm casts per m2 on the no-till plots averaging 563 compared to 120 for plowed 
treatments. Looking at earthworm activity in terms of weight, La! found no-till treatments 
averaged 21.96 metric tons/ha compared to 4.68 metric tons/ha for plowed plots. 
In a greenhouse study of earthworm activity and soil crusting, Kladivko, Mackay, and 
Bradford (1986) controlled the number of earthworms to conclude earthworms increased the 
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steady-state infiltration rate. The researchers found that with no earthworms present, their 
experimental pots had cumulative infiltration rates ranging from 19 to 27 cm/h. The presence 
of earthworms increased this rate six to IS-fold, with the presence of more earthworms 
corresponding to increased infiltration. They further concluded the earthworm channels were 
stable and erosion resistant. 
Flow characteristics 
Experiments measuring various flow characteristics (such as breakthrough curves, 
Ksat, infiltration rates) have been employed to assess the potential impact of macropores on 
water and/or solute transport (Singh, Kanwar, and Thompson, 1989). Frequently tracers have 
been employed to assess the path and/or travel time through a soil profile in a field, plot, or 
column. A tracer's early arrival at a certain depth in the profile frequently indicates to 
researchers that preferential flow through macropores has occurred. Varying infiltration rates 
on similar soils are often attributed to the possible or actual presence of macropores. These 
methods have often been used to link macropore development to tillage method. 
Singh, Kanwar, and Baker (1989) used breakthrough curves for 15 cm diameter (60 
cm long) soil columns for miscible displacement experiments comparing no-till to 
conventional tillage with chloride (CI) anion as a tracer. In a second experiment, the transport 
of N03-N, CI and Rhodamine WT dye through undisturbed columns was measured. 
Through larger Ksat values and larger values of drainable pore water fraction, these 
researchers found evidence of a well-connected no-till pore network with more and larger 
pores than in conventional tillage. All columns showed evidence of rapid flow through 
macropores by way of an early initial CI breakthrough with macropore flow seen as more 
pronounced through no-till columns. Breakthrough curves for N03-N paralleled the CI 
curves for this soil, indicating that here, macropore flow was dominant compared to any 
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microbial transfonnation of N03-N. The dye curves were notably different, demonstrating 
complicated adsorption and desorption processes during leaching of the Rhodamine WT. 
Kanwar and Everts (1988) investigated the distribution of bromide (Br), N03-N and 
water in a cropped field experiment after two simulated rains to determine the influence of 
macropores on N03-N and Br concentrations. After the application of 12.0 and 4.3 cm of 
water mixed with chemicals, they found peak concentrations in tile water about 65 minutes 
after the first rain and 75 minutes after the second. These researchers determined N03-N and 
Br could move at a rate of 0.86 m/h through the soil profIle. They conclude "this kind of 
immediate large increase in the concentration of N03-N and Br in tile water can only be 
attributed to preferential flow through macropores." 
In an evaluation of continuous com tillage systems in south central Minnesota, 
Lindstrom, Voorhees, and Randall (1981) used a sprinkler-type infiltrometer to simulate a 
12.7 crn/h rainfall over three tillage systems: 1) fall moldboard plow, spring field cultivate; 2) 
fall chisel plow, spring field cultivate; and 3) no-till. These researchers found the five-min 
increments of the infiltration rate in the nonwheel-tracked interrows of the moldboard and 
chisel plow treatments were significantly higher than those for the no-till treatments. 
Comparing the non-wheel track interrows of conventional, conservation, and no-till, the first 
five-min increment showed an infiltration rate of 11.0, 10.9 and 7.6 cm/h respectively. In the 
25-30 min increment, the corresponding infiltration rates were 5.5 cm/h for conventional, 5.4 
cm/h for conservation tillage and 3.0 crn/h for no-till. 
Lindstrom, Voorhees, and Onstad (1984) conducted simulated rainfall trials for 
conventional, reduced, and no-till sites after planting during the first and tenth years of 
continuous com. They found higher bulk density, lower saturated hydraulic conductivity, 
greater penetrometer resistance, a lower volume of macropores and lower infIltration rates on 
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the no-till sites. The researchers cautioned, however, that the no-till treatment had been 
"modified in this trial by cultivation during the previous growing season to form ridges." 
Modelin~ 
Researchers have found value and challenge in modeling solute movement through 
the soil profile. Growing concern over groundwater contamination makes a reliable computer 
model all the more critical while preferential flow is often cited as a difficulty in developing 
accurate models. A brief review of some efforts to model flow through macropores is 
included here to point to the interest and concern on the part of researchers regarding 
macropore flow and their ability to predict field data. Jury (1982), in a presentation of his 
transfer function model of solute transport, attempts to make predictions of solute movement 
through highly variable field systems and comments that the Dagan and Bresler models could 
only "crudely" represent macropore flow since that model uses a deterministic approach to 
soil water transport. Gennann (1985) takes a "kinematic wave approach to infiltration and 
drainage into and from soil macropores" and refers to the presence of "irregular macropore 
flow in undisturbed soil columns." Rose et al. (1982) acknowledge that simplified field 
models make some notable assumptions, including that no solute is transported through 
preferential movement down fissures or voids. 
Scotter (1978) modeled CI and phosphate (P04) movement through macropores to 
represent non-sorbed and adsorbed ions respectively. Scotter predicted nearly instantaneous 
preferential movement of both anions through channels at least 0.2 mm in diameter and 
cracks at least 0.1 mm wide with little or no preferential movement expected in smaller 
channels. Scotter anticipated that "in many situations the pore geometry may be more 
important than the sorption capacity in determining the movement of nutrients and 
pollutants." Scotter's model provided an example of P04 moving through a 200 mm long 0.2 
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mm diameter channel "within a few minutes" while 0.05 mm channels would carry the 
phosphate for more than two months after it was applied. 
HerbicidelN utrient Transport 
Nitrate 
Thomas et al. (1973) compared N03-N movement under a conventionally tilled com 
site to that under a chemically-killed bluegrass sod. They discovered much of the N03-N was 
lost from the fIrst 90 cm of soil beneath the sod but no N03-N was lost on the conventional 
plot. They maintained the losses were due to the lower evaporation from the mulched soil 
and the "deep penetration of water and N03-N through larger pores in the wetter, mulched 
soil." Three storms totalling 5.5 cm of rain fell between June 1 and June 6, 1970. In looking 
at the surface 15 cm of soil following the storms, they found the N03-N was redistributed 
within that increment under the conventional tillage, but not lost. Under the killed sod, the 
amount of N03-N was cut to about one-third its original quantity. Data for the next year 
(1971) showed 9.4 cm of rainfall between sampling dates caused the killed sod to lose half of 
its N03-N within the top 15 cm. 
Bandel et al. (1975) found similar residual mineral nitrogen (N) amounts in the root 
zone of tilled and untilled plots at two Maryland locations. A third site showed residual 
mineral soil N was higher under the conventional tillage (compared to no-till). Researchers 
determined the variation in results stemmed from differences in precipitation amounts. 
Rainfall from planting to harvest at the third site was reported to be 55-63% of the 
precipitation amounts at the other two sites. 
Kanwar et al. (1981) reviewed water and N movement for the purpose of modeling. 
Nitrogen transformations and movement considered in the model included mineralization-
immobilization; denitrification; N transport through diffusion, dispersion, and mass flow; and 
N uptake. Kanwar et al. found measured and predicted annual N03-N tile water losses in 
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"good agreement." In some instances, researchers did fmd tile flow peaks nearly twice those 
predicted. They attributed the discrepancies to the model not fully expressing the area's 
hydrology and/or the model's soil propenies did not adequately correlate to actual field 
conditions. 
A study of N03-N movement under no-till vs. moldboard plowed field plots by 
Kanwar, Baker, and Laflen (1985) showed the ability of no-till to retain N03-N within the 
soil profile. Their research found 40% of applied N03-N remained in the first 30 cm under 
no-till after a 12.7 cm simulated rainfall (rate: 2.3 cm/h) and 33% remained after an 
additional 6.35 cm of rain were applied. The conventional plots retained only 19% after the 
first rainfall and 9% after both treatments. Differences were especially dramatic within the 0-
15 cm layer where N03-N contents were 97.3 kg/ha after the first rain for no-till, compared 
to 19.9 kg/ha for moldboard plots (both surface applied). The additional 6.35 cm rain left the 
no-till plots with 72.5 kg/ha of N03-N in the 0-15 cm increment and 6.4 kg/ha under the 
conventional tillage. The researchers also noted the time needed to carry N03-N to 
groundwater is not predicted by Darcian theory since assuming homogeneous soil properties 
over a cross-section may not be valid. They further acknowledged that preferential flow may 
bypass N03-N within soil aggregates and therefore mean less total leaching. 
Other chemicals 
At a 1.28 ha field site in Beltsville, Md., Gish et al. (1989) monitored thirty-five wells 
for concentrations of atrazine, alachlor, cyanazine, and carbofuran. Peak atrazine 
concentrations occurred from a 4.8 em, two-day rainfall resulting in average field-scale 
atrazine levels of 0.243 mgIL for the no-tillage treatments compared to 0.059 mgIL for the 
conventional tillage treatments. The researchers concluded the sudden increase of atrazine in 
the perched water table was most likely caused by preferential transport. Overall, they 
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detennined that water below no-till sites left notably higher pesticide concentrations than the 
conventional tillage sites when conditions favorable to preferential flow had occurred. 
Kay and Baker (1989) studied chemical losses from ridge-till vs. chisel plow plots 
using simulated rainfall and comparing chemical application method (broadcast vs. banding 
for herbicides; broadcast vs. point-injection for anions). They found atrazine concentrations 
slightly higher as more water was collected for broadcast plots, while these concentrations 
decreased slightly with an increase in collected water for the banded plots. They propose 
macropore flow may initially augment the amount of atrazine for both application rates, due 
to the atrazine's high soil adsorption rate. With time, matric flow dominates and the leaching 
water passing through untreated soil on the banded plots lowers concentrations. Kay and 
Baker found notably different trends with N03-N and Br movement and again, macropores 
may playa role. They found lower N03-N and Br concentrations with more water collected 
from the broadcast plots, while concentrations of these non-adsorbed anions increase with 
water volume from the point-injected plots. They postulate this comes from macropore flow 
washing anions from the broadcast surfaces. Once matric flow dominates, so many anions 
have already been washed away that increasing water volumes simply lowers the anion 
concentration. This would not occur in the point-injected plots, however, where anions are 
applied in concentrated areas so macropore flow does not cause this flushing or washing 
away of the anions. 
Atrazine mobility was studied in two different Pennsylvania soils (Murrill silty clay 
loam and Hagerstown clay loam) under conventional tillage by Hall and Hartwig (1978). 
Their chemical recovery showed "atrazine principally reacted and dissipated in the plow-
layer in both soils." Eighty-three to 100% of the residual atrazine was detected in the 0-30 cm 
increment of soil. They also found atrazine at a depth of 76 em about two months after 
application in each soil (application rates were 2.2 and 4.5 kg/ha). They also found some 
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'" leakage' ... through the coarse subsoil structural units [with] lysimeter leaehates collected at 
122 em." 
Gish and Coffman (1986) studied Br movement under no-till field com for the 
purpose of developing a solute transport model. Gish and Coffman found that under no-till 
dry land conditions, convection is the primary means of transport while macropore flow did 
occur, "resulting in rapid movement of Br." 
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METHODS AND MATERIALS 
In general, the procedure involved the application of nitrate (NOT) and bromide 
(Br-) anions, and the herbicides atrazine (Aatrex) and metolachlor (Dual) to sixty undisturbed 
soil columns representing three tillage systems. A rainfall simulator was used to approximate 
four distinct natural rainfalls, and column drainage water was collected for chemical analysis. 
Column Collection and Sealing 
Columns were collected June 9 and 10, 1988 from the Iowa State University 
Agricultural Engineering and Agronomy Research Farm, Field 5, located west of Ames, 
Iowa. Seventy-two columns of primarily Nicollet soil were collected in total, with 24 
columns taken from each of the three representative tillage methods: no-till, chisel plow and 
moldboard plow. Columns were 20 cm in diameter and approximately 30 cm deep. 
Columns were collected using a cylindrical, steel sampler with an inside diameter of 
20.3 cm (8"), a 0.32 cm release (1/8") and a 23 degree bevel. The sampler was driven into the 
soil using a back-hoe impactor. Sixteen gage steel sheet metal sleeves inside the sampler 
were used to encase the column for transport to its sealing point at the end of the field. Three 
columns were later split open and checked visually for compaction resulting from use of the 
impactor or from transport. No evidence of compaction was found. 
To seal the columns, they were centered within a 30 cm (12-inch) diameter PVC pipe, 
the sheet metal sleeve removed, and plaster-of-paris was mixed and immediately poured in 
the void between the column and the PVC casing (see Figure 1). The plaster used was 
Laboratory Dental Industrial Plaster, a product of U.S. Gypsum, Chicago, Illinois. The bond 
which developed between the soil column surface and the plaster prevented water travelling 
along the outer edge of the soil column during the subsequent rainfall simulation experiment. 
The column base was held in place through the use of fiberglass mesh embedded in the 
plaster. To prevent backsplash and water ponding on the plaster-of-paris from interfering 
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__ r ---------.&.---8" PVC Splashguard 
Rain gauges (3) strapped with 
bunge chords at approx. 1800 
Drainage holes 
20cm 
soil column -~';;;"';';'-+-::~"""'-/ 
--+--Plaster of Paris encasement 
Rubber gasket skin 
Collection funnel 
-+---Sample collection bottle 
(clamped to lab stand) 
Figure 1: Diagram of experimental set-up; soil column ready for rainfall simulation 
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with the amount of water reaching the soil column, a 20 cm (8-inch) PVC pipe, was 
embedded at the top of the column as a splash-guard. It also served to defme the area 
receiving rain. Drainage holes were also drilled into the outer 30 cm PVC casing at the top of 
the plaster sealant. When poured, the plaster was formed to slope toward the drainage holes. 
After encasement, columns were wrapped in plastic and stored inside a metal shed at 
approximately room temperature until used in the rainfall experiment. 
Tillage History 
The no-till field from which the no-till samples were taken had not been tilled since 
1984. It was, however, cultivated on June 7, 1988~~'The moldboard plow plots had been 
plowed on October 21, 1987. Stalks were shredded before plowing. On May 3, 1988, the 
plowed plots were disked. Two days later the plowed areas were disked again, field 
cultivated and planted. They were sprayed during planting with Lasso, Bladex, and Roundup. 
The insecticide Lorsban was applied at planting in granular form. On May 26, 1988 the 
plowed plots were cultivated and again on June 7, 1988. The chisel plow samples were taken 
from five rows that were chiseled and disked twice on June 9, 1988. 
Herbicide and Anion Application 
Chemicals were carefully applied indoors to the columns approximately 24 hours 
prior to receiving simulated rainfall. A modified garage door opener holding a banding 
nozzle with an 80 degree spray angle travelled over the soil columns at a rate of 0.176 m/s. 
Two passes, one each direction, were made for each application. The nozzle flow rate was 
approximately 6.07 mVs. The sprayer was held 15.1 cm above the soil surface. Herbicides 
metolachlor and atrazine were broadcast applied to the soil surface for a nominal application 
rate of 2.2 kglha (equal to 2Ib/ac) each. The N.03-N and Br were also broadcast applied 
simultaneously with the herbicide at a rate approximating 130 kg/ha each.~_ 
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With each application, three columns and two double-sheets of filter paper received 
the treatment above. The filter paper was placed in a sealed, large-mouthed 4-L jar 
immediately after the herbicide and anion application for extraction and analysis to determine 
the actual application rates. 
Simulated Rainfall Study 
The Rainfall Simulator 
Rainfall was applied to the columns using a rainfall simulator constructed in the 
Department of Agricultural Engineering at Iowa State University and similar to that of Meyer 
and Harmon (1979). An overhead aluminum frame supported nozzles, drive motor, and 
collector. A pan that collects the spray when the nozzles are not sweeping across the target 
area was mounted at the top of the frame. A 1/60 hp AC Dayton Model4Z149 gear motor 
caused the nozzles to sweep. Delayed timing of sprayer passes, through the use of a variable 
electronic timer, resulted in varying rainfall intensities. A GraLab Model 605 switching timer 
was hooked to two parallel-wired micro-switches (Selectaswitch model SS711-13) allowing 
the sweeps to be adjusted to 1/10 second accuracy. The timer starts the motor and the motor 
runs until hitting the microswitches, which causes the motor to shut off and reactivates the 
timer. Rainfall intensity increases when the delay-time between sweeps decreases; rainfall 
intensity declines with longer pauses between nozzle sweeps. The simulator was able to 
approximate the drop-size and energy of natural rainfall. 
Rainfall Treatments 
The three tillage systems (moldboard plow, chisel plow, and no-till) were tested using 
four different rainfall treatments (see below). The experiment was repeated five times; 
therefore, this 4x3 factorial design required a total of sixty soil columns. 
Four different rainfall treatments were used to allow for variation in timing, duration, 
and intensity. The total amount of rainfall for each treatment was held constant at 7.5 cm. 
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Treattnent 1) One cm/h for 7.5 hours. 
Treatment 2) Five cm/h for 1.5 hours. 
Treatment 3) Day one: One cm/h for 1.0 hour, 
Day two: One cm/h for 6.5 hours. 
Treattnent 4) Day one: One cm/h for 1.0 hour, 
Day two: Five cm/h for 1.3 hours. 
Columns used in treatments 3 and 4 were stored with plastic over top for the 
approximately 24-hour period before receiving the second phase of their rainfall treatment 
The columns, three at a time, were randomly placed under the simulator to prevent 
any bias from uneven rainfall. Each treattnent was used on five sets of three columns (one 
column from each of the three tillage methods). The columns were placed on 27 cm (l0.5") 
diameter funnels which were inset in 23 cm (9") diameter holes cut in exterior grade 
plywood. The plywood was mounted level on sawhorses. Heavy rubber gasketing material 
skirted the columns and was draped over the plywood to prevent rainwater from leaking into 
the funnels underneath. The plywood and sawhorses were further skirted in plastic so no 
splash could reach collection bottles which were clamped at the funnel tips below the 
plywood. Bunge cords were used to strap three rain gages around the PVC exterior of each 
column and a Taylor 11" Clear-vu rain gage was centered between the three columns to 
confinn actual rainfall amounts reaching the column surfaces. 
Water samples were collected in pre-weighed bottles. The first sample taken was 
approximately 125 ml, and subsequent 'samples were approximately 250 ml until the final 
bottle was in place. Collection times were noted and bottles were weighed immediately, 
stoppered and refrigerated until leachate analysis could be performed. Columns typically 
yielded from five to seven water samples for analysis. In addition, where possible, time to the 
first drop of leaching water was noted for the columns. 
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The rainfall simulation experiment was conducted in an enclosed metal building at 
the Iowa State University Agronomy and Agricultural Engineering Research Center during 
the last three weeks of August, 1988. 
Macropore Analysis 
Preparation for macropore analysis was performed simultaneously with a soil 
sampling process used for future analysis of anion leaching through the soil column. A 10.2 
cm diameter (4") hole-digger was used to core the center of each column in 2.5 cm (l It) 
increments. After each incremental core was taken, the face of each core was immediately 
photographed using 35 mm color slide film, using the same orientation for each photograph. 
Supplemental lighting for photography was oriented directly facing the soil surface being 
photographed to minimize error due to shadows. After all photographs were taken for a 
particular increment, the remainder of the soil in the column increment was then removed 
from the column and combined with the smaller soil core to be used in a soil extraction 
process. 
After developing, each slide was projected onto a 56 cm (22") diameter, 2.54 cm (1 It) 
grid for analysis, magnifying the original 10.2 cm diameter soil sample by approximately 5.5 
times. Macropores were identified by sight and located using a standard coordinate system. 
The approximate area of each macropore was estimated using the grid upon which the slide 
was projected and the diameter of each macropore was measured using calipers. Magnified 
images of approximately 0.4 cm2 or larger were identified as macropores. This translates into 
an actual macropore area of approximately 0.01 cm2 (0.005 in2 ) with an equivalent 
diameter of 0.56 mm. 
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Extraction 
Filter Paper 
Approximately one liter of pesticide grade toluene was weighed into the flasks 
containing the filter papers to extract the atrazine. Approximately one liter of water was also 
added to extract the anions. The flasks were shaken for 30 minutes in an orbital shaker, after 
which a portion of the herbicide-toluene solution was poured into a test tube for storage at 
2°C until the sample was analyzed on the gas chromatograph. 
Drainage Water/Atrazine 
Fifty to 125 g of water from each drainage sample were combined with 30 to 90 g of 
pesticide grade toluene and shaken for 30 minutes in an orbital shaker. The sample was 
allowed to settle until the water and toluene phases separated. The toluene-herbicide solution 
was decanted off the water phase into a test tube which was then stored at 2 °C until the 
sample was analyzed on the Tracor 560 gas chromatograph with NP thermionic detector 
using 3% OV -1 column. The toluene sample extract volume injected was 8 ~. Operating 
conditions were: oven at 170°C; inlet at 225°C; detector at 250°C; helium carrier gas at 25 
cc/min; hydrogen reaction gas at 3.5 cc/min and air at 100 cc/min. Due to analytical 
problems, no metolachlor data were obtained in this study. 
Anions 
The method used for determination of Br was based on the procedure described by 
Basel and Defreese (1982). Reagents used in Br analysis were 17.6 mg Phenol Red sodium 
salt in 100 rn1 of water; 155 mg Chloramine T in 100 rn1 of water; an ionic strength buffer of 
9.44 g acetic acid, 20.44 g sodium acetate, 9.56 g sodium nitrate, and 7.38 g magnesium 
sulfate dissolved in 1 L water with the addition of 2 ml Brij 35 solution. The ion exchange 
resin used was Dowex 50WX8. Pump tube sizes were sample, yellow-yellow; resample, 
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orange-green; buffer, red-red; Phenol Red, orange-blue; Chloramine T, orange-blue; 
debubble, white-white; waste, white-white; rinse, purple-purple; and air, black-black. 
The filter used in the colorimeter was 603 nm. A 40th 4-1 cam was used for the 
sampler. 
The method used for determination of N03 plus nitrite-nitrogen (N02-N) involves 
passing a filtered sample through a column containing granulated copper-cadmium to reduce 
N03 to N02. The N02 is treated to form a highly colored azo dye for colorimetric 
measurement. This procedure follows USEP A method 353.2 as described in "Methods for 
Chemical Analysis of Water and Waste Water" (US EPA 1979). 
Soil Increments 
Each column was divided into approximately 2.5 em (1 It) soil increments (see 
Macropore Analysis above) with each increment placed in a 4-L jar. The weight of the soil 
was determined and an approximately equal weight of deionized water was added to the jar. 
The combined soil-water was then placed in a mechanical mixer for two hours. This mixer 
rotated 12 jars simultaneously in an inclined position at 8 rpm. The soil-water mix was then 
allowed to settle for at least 24 hours before a sample of water was decanted for future anion 
analysis. 
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RESULTS AND DISCUSSION 
Water Flow 
Figure 1 shows the effects on total drainage water (reported in mm) from the 
variations in rainfall and tillage treatments. Rain treatments 1 and 3 are long, slow rains (i.e. 
rains of light intensity) with rain treatment 3 preceded 24 hours earlier by a I-cm rainfall. 
Rains 2 and 4 are hard, driving rains (Le., intense rains) with rain 4 preceded 24 hours earlier 
by a I-cm rainfall. In all cases, total rainfall equalled 7.5 cm. By comparing rain treatments 1 
and 3 to rain treatments 2 and 4, the impact of a lighter rain vs. an intense rain can be 
determined. As can be seen in Figure 1, no dramatic differences emerge in terms of total 
drainage water collected from the soil columns when comparing light to intense rains, but 
rain treatment 4 (an intense storm, preceded 24 hours by a moistening rain) does yield the 
greatest quantity of drainage water from the columns. This difference, however, is not 
statistically significant. Since no surface runoff was allowed, significant drainage differences 
would not be expected. 
In the case of the intense rain, the preliminary rainfall appears to have the greatest 
impact on no-till. Both the no-till and moldboard plow systems yield greater amounts of total 
drainage water with rain treatment 4 compared to any of the other rain treatments, but these 
differences are slight. The quantity of drainage water collected from no-till columns with rain 
treatment 4 (mean drainage water=58.0 mm) is somewhat higher than the quantity collected 
for no-till columns with either rain treatment 1 (45.0 mm), treatment 2 (47.7 mm) or 
treatment 3 (36.9 mm). Additionally, rain treatment 1 does show a slightly greater yield from 
chisel plow columns when looking at average figures, and again, none of these differences is 
si gnifican t. 
Figure 2 and Table 1 show that overall, the chisel plow columns transmit drainage at 
an initially faster rate than do either the moldboard plow columns or no-till columns. The 
23 
mean time to the fIrst drop of drainage water observed is 68 min for chisel plow, 97 min for 
no-till and 103 min for moldboard plow. 
The median time to first drop for these tillage systems shows a different ordering. The 
chisel plow system again shows the fastest time to fIrst drop with a median time of 43 
minutes while the median time for the moldboard columns is now faster than for the no-till 
columns. The moldboard columns show a median time to fIrst drop of 61 minutes vs. 71 
minutes for the no-till columns (see Table 1). 
Mean total drainage water, in millimeters 
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Figure L Mean total weight of drainage water, by rain treatment 
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This change in the ordering between the median and mean figures likely stems from 
the especially slow drainage times (i.e., time to first drop) recorded for the moldboard plow 
columns in rain treatment 1 while no-till columns with rain treattnent 3 produced a first 
drainage drop somewhat faster than the other tillage systems. Those differences would 
influence average numbers, but since the moldboard plow and no-till systems do not show 
significant overall differences with respect to the time to first drop, the median numbers 
reveal a slightly different order. 
Mean time, in minutes, to first drainage drop 
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Figure 2. Mean time (in minutes). to the first drop of drainage water by rain treatment 
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Table 1. Means and medians (in minutes) for time to first drop of drainage water 
TIME TO FIRST DROP 
TYPE OF TILL MEAN MEDIAN 
Chisel Plow 
Mold Board 
No Till 
TOTAL 
68.1 
103.2 
97.6 
89.5 
43.0 
61.0 
71.5 
57.0 
Atrazine Movement 
The intensity of the rainfall appears to have less to do with the amount of atrazine 
movement through the soil column than does the presence of an initial, moisturizing rain (see 
Figures 3-10). No-till concentrations have a tendency to be higher in comparison to 
moldboard plow and chisel plow column concentrations when no preliminary rainfall has 
occurred. In rain treatments 3 and 4 where an initial, surface-moisturizing rain of 1 cm was 
applied 24 hours before further rain treatments, initial atrazine concentrations from the no-till 
columns are notably less than for the chisel plow systems. 
The most dramatic effects come in comparing the flow-weighted average 
concentration of atrazine in the first bottles of drainage water collected from beneath each 
column (Le., the first bottle; see Figures 3, 4, 5, and 6). For rain treatment 3, the difference in 
no-till compared to the other two systems is most marked. The mean concentration of 
atrazine in the first bottle with rain treatment 3 is 6.6 ppb for no-till compared to 13.4 ppb for 
moldboard plow systems and 13.2 ppb for chisel plow. No-till again shows a lower atrazine 
concentration for the rrrst bottle with rain treatment 4, where 24 h prior to an intense rain, the 
columns received 1 cm of preliminary moisture. In this case, the no-till atrazine concentration 
was 4.5 ppb in the first bottle compared to 6.7 ppb for moldboard and 7.0 ppb for chisel 
plow. 
Initial atrazine concentrations are greatest with no-till columns when no preliminary 
rainfall is used (rain treatments 1 and 2 had no preliminary rain treatment). With rain 
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treatment 1, the atrazine concentration for the first bottle of drainage water is 2.2 ppb for 
chisel plow, 2.7 ppb for moldboard plow, and 4.8 ppb for no-till. No-till shows the highest 
initial atrazine concentrations with rain treattnent 2, the intense rain. With this treatment, fIrst 
bottle atrazine concentration is 4.4 ppb for moldboard plow, 4.8 ppb for chisel plow, and 11.6 
ppb for no-till. 
Largely, the average concentrations, when considering the first four bottles of 
drainage water collected (referred to in Figures 3, 4, 5, and 6 as "all bottles"), show similar 
trends in the relative atrazine concentrations between tillage systems; however, the numerical 
differences are not as great as in the fIrst bottles. In the case of rain treatment 4, the average 
atrazine concentration for the fIrst four bottles shows a slight trend reversal. Overall, the 
moldboard plow columns show the lowest atrazine concentrations with an average 3.5 ppb 
atrazine concentration in the drainage water of the fIrst four bottles, compared to 5.4 ppb for 
chisel plow and 4.6 ppb for no-till. 
Generally, for all tillage systems and rainfall treatments, atrazine concentrations in the 
drainage water decrease with time (see Figures 7, 8, 9, and 10). In some instances, this 
decline is dramatic. In the case of rain treatment 2, drainage water from the no-till columns 
shows a notable drop in concentration. The atrazine concentration in the fIrst bottle from the 
no-till columns averages 11.6 ppb. The overall no-till average for rain treatment 2 is 7.0 ppb 
atrazine concentration. The moldboard plow column averages for rain treatment 3 show an 
even more dramatic drop over time, with the fIrst drainage bottles collected showing an 
average concentration of 13.4 ppb and the overall average dropping to 4.4 ppb. In this 
instance, one data point strongly influences the mean. In one repetition of the experiment, the 
concentration in the fIrst bottles of one of the moldboard plow columns was 59.0 ppb; no 
error has been found in the data at this time and at this point, this concentration spike remains 
unexplained. 
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Figure 3. Flow Weighted Average Concentration (in mg/l) for Atrazine in Rain Treatment 1 
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Figure 4. Flow Weighted Average Concentration (in mg/l) for Atrazine in Rain Treatment 2 
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Figure 5. Flow Weighted Average Concentration (in mg/l) for Atrazine in Rain Treatment 3 
0.0140 
0.0120 
0.0100 
Flow 
Weighted 0.0080 
Average 
Concentration 
mgtl 0.0060 
0.0040 
0.0020 
0.0000 
30 
Rain Treatment 4 
ATRAZINE DATA 
BOTTLE 1 ALL BOTTLES 
I • CP 0 MB I!JIII NT I 
Figure 6. Flow Weighted Average Concentration (in mg/l) for Atrazine in Rain Treatment 4 
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Rain Treatment 1 
Atrazine Concentration in mgll versus time 
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Figure 7. Average Atrazine Concentration (in mg/l) versus time for Atrazine in Rain 
Treatment 1 
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Rain Treatment 2 
Atrazine Concentration in mgJI versus time 
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Figure 8. Average Atrazine Concentration (in rng/l) versus time for Atrazine in Rain 
Treatment 2 
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Rain Treatment 3 
Atrazine Concentration in mgtl versus time 
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Figure 9. Average Atrazine Concentration (in mg/l) versus time for Atrazine in Rain 
Treatment 3 
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Rain Treatment 4 
Atrazine Concentration in mg/I versus time 
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Figure 10. Average Atrazine Concentration (in mg/l) versus time for Atrazine in Rain 
Treatment 4 
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Anion Movement 
The data show a tendency for the anion concentration in the drainage water to 
increase over time with the lighter rains and stay unchanged or decrease over time with 
intense rainfall (see Figures 19-26). For rainfall treatments 1 and 3 (the light rains), the 
average N03-N concentration, across tillage systems, for the fIrst bottle of drainage water 
was 98.9 mg/l compared to 129.2 mg/1 mean N03-N concentration for the fIrst four bottles 
of drainage water collected, a marked increase in the average concentration (see Figures 11, 
12, 13, and 14 and Tables 2 and 3). 
Rainfall treatments 2 and 4 show a slightly reversed trend in concentrations. In this 
case, the average N03-N concentration for the fIrst bottles of drainage water collected (for 
all tillage systems) was 130.7 mg/1 compared to 126.0 mg/1 for the fIrst four bottles of 
drainage water collected. 
With the exception of rain treatment 3 (the slow rain, preceded 24 h by a light 
rainfall), N03-N concentrations are initially greatest in the chisel plow or no-till columns 
(see Table 2). Without the preliminary rainfall, the long, slow rain (rain treatment 1) shows 
significant differences at the 5.0% level between chisel plow and no-till columns compared to 
the moldboard plow columns. The mean N03-N concentrations for first bottles were 132.5 
mg/1 for chisel plow and 117.1 mg/1 for no-till while the moldboard columns yielded an 
average N03-N concentration in the first bottles of 71.6 mg/l for rain treatment 1. Those 
relative differences largely held when looking at the first four drainage bottles. Overall, 
chisel plow columns and no-till columns yielded average drainage water concentrations of 
167.1 and 144.2 mg/1 respectively, while moldboard columns had an average N03-N 
concentration of 118.2 mg/1. 
In general terms, chisel plow and no-till column anion concentrations exceed 
moldboard plow concentrations for the intense rains (rain treatments 2 and 4). However, Br 
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concentrations for rain treatment 2 are lowest in the drainage water of the chisel plow 
columns. The overall average concentration of Br for the chisel plow columns in this 
Table 2. Mean concentrations of atrazine, N03-N , and Br in flrst bottles 
MEAN CON CENTRA TIONS (mg/l) 
TYPE OF TILL Atrazine N03-N Br 
Chisel Plow 
Rain 1 .0019 132.5 66.7 
Rain 2 .0049 143.0 104.5 
Rain 3 .0132 95.7 47.1 
Rain 4 .0069 133.7 102.6 
Mold Board 
Rain 1 .0029 71.6 35.7 
Rain 2 .0052 165.1 136.1 
Rain 3 .0136 97.4 67.4 
Rain 4 .0067 70.4 36.8 
No Till 
Rain 1 .0047 117.1 73.2 
Rain 2 .0117 183.7 160.7 
Rain 3 .0066 79.2 46.3 
Rain 4 .0043 88.7 65.1 
/ 
TOTAL .0070 114.8 78.5 
case is 93.4 mgll compared to 107.1 mg/l for moldboard columns and 140.5 mg/l for the no-
till columns. The N03-N data show the chisel plow concentrations are greater than the 
moldboard plow concentrations but not significantly so. In the case of the N03-N 
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concentrations, chisel plow columns had an overall average of 129.9 mgll for rain treatment 2 
compared to 136.1 mgll for the moldboard columns and 166.8 mgll for no-till, which was 
significantly greater. 
Table 3. Mean concentrations of atrazine, N03-N , and Br in first four bottles 
MEAN CONCENTRA nONS (m~) 
TYPE OF TILL Atrazine N03-N Br 
Chisel Plow 
Rain 1 .0021 167.1 106.6 
Rain 2 .0042 129.9 93.4 
Rain 3 .0051 116.4 61.7 
Rain 4 .0053 131.4 97.4 
MoldBoard 
Rain 1 .0017 118.2 77.5 
Rain 2 .0026 136.1 107.1 
Rain 3 .0045 112.4 76.2 
Rain 4 .0038 89.2 53.1 
No Till 
Rain 1 .0024 144.3 97.1 
Rain 2 .0068 166.8 140.5 
Rain 3 .0026 117.2 79.4 
Rain 4 .0046 102.5 74.6 
TOTAL .0039 127.5 88.7 
Chisel plow columns take the lead in terms of overall anion concentrations when the 
preliminary rainfall of 1 cm is applied before the intense rain (rain treatment 4). In this 
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instance, N03-N concentrations are 131.4 mgll for chisel plow columns compared to 102.5 
mgll for no-till and 89.2 mgll for moldboard. This trend holds for Br concentrations as well. 
Overall Br concentrations in the drainage water of chisel plow columns with rain treatment 4 
applied were 97.4 mg/1 compared to 74.6 mg/1 for no-till and 53.1 mg/1 for moldboard 
columns. 
No dramatic differences in overall or initial anion concentrations occur among the 
three tillage systems when rainfall 3 is applied (i.e., rain of light intensity preceded 24 hours 
by 1 cm rainfall). Drainage water N03-N concentrations range from 112.4 mg/1 for the 
moldboard plow columns to just 117.2 mgll for no-till, an insignificant difference. Bromide 
concentrations show a slightly greater range, but certainly not dramatic differences, with Br 
concentrations for rain treatment 3 ranging from 61.7 mg/1 for chisel plow to 79.4 mg/l for 
no-till columns. 
In the case of the intense rain treatments, the occurrence of a preliminary rainfall (rain 
treatment 4) dramatically reduced concentrations for the moldboard and no-till columns, but 
left the chisel plow concentrations relatively unchanged. With no preliminary rainfall, the 
intense stonn (rain treatment 2) had overall N03-N concentrations of 129.9 mg/l for chisel 
plow, 141.9 mg/l for moldboard, and 166.8 mg/1 for no-till. With the preliminary rain (i.e., 
rain treatment 4), the chisel plow columns yield a mean drainage water concentration of 
131.4 mg/1 (not significantly changed) while the moldboard plow concentration drops by 
more than one-third to 89.2 mgll, and the no-till columns take an even more dramatic plunge 
in drainage water N03-N concentrations to 102.5 mg/1 (from 166.8 mg/1). This implies the 
preliminary rainfall afforded the anions an opportunity to move into soil aggregates, making 
them less accessible to later leaching; however, the fact the data remained essentially 
unchanged for the chisel plow columns belies this theory somewhat. This difference in 
response between the chisel plow and no-till columns is unexplained at this time. 
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Figure 11. Flow Weighted Average Concentration (in mg/l) for N03-N in Rain Treatment 1 
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Figure 12. Flow Weighted Average Concentration (in mg/l) for N03-N in Rain Treatment 2 
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Figure 13. How Weighted Average Concentration (in mg/l) for N03-N in Rain Treatment 3 
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Figure 14. Flow Weighted Average Concentration (in mg/l) for N03-N in Rain Treatment 4 
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Figure 15. Flow Weighted Average Concentration (in mg/l) for Br in Rain Treatment 1 
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Figure 16. Flow Weighted Average Concentration (in mg/l) for Br in Rain Treatment 2 
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Figure 17. Flow Weighted Average Concentration (in mg/l) for Br in Rain Treatment 3 
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Figure 18. Flow Weighted Average Concentration (in mg/l) for Br in Rain Treatment 4 
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Figure 19. Average Nitrate Concentration (in mgll) versus time for N03-N in Rain 
Treatment 1 
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Figure 20. Average Nitrate Concentration (in mg/l) versus time for N03-N in Rain 
Treatment 2 
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Figure 21. Average Nitrate Concentration (in mg/l) versus time for N03-N in Rain 
Treatment 3 
400 
50 
Rain Treatment 4 
N03-N Concentration in mgtl versus time 
200.00 
180.00 
160.00 
140.00 
-._----------------. 
120.00 
Average 100.00 
mgtl 
---_ . 
.... - - - ...cl 
, p---
4 
80.00 
. ~ 
r:I' 
60.00 
40.00 
20.00 
0.00 
0 50 100 150 200 250 300 350 
Time in minutes 
••• CP <)0 MB or. NT 
Figure 22. Average Nitrate Concentration (in mg/l) versus time for N03-N in Rain 
Treatment 4 
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Figure 23. Average Bromide Concentration (in mg/l) versus time for Br in Rain Treatment 1 
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Rain Treatment 2 
Sr Concentration in mgll versus time 
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Figure 24. Average Bromide Concentration (in mg/l) versus time for Br in Rain Treatment 2 
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Figure 25. Average Bromide Concentration (in mg/l) versus time for Br in Rain Treatment 3 
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Rain Treatment 4 
Sr Concentration in mgtl versus time 
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Figure 26. Average Bromide Concentration (in mg/l) versus time for Br in Rain Treatment 4 
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The N03-N losses consistently exceed Br losses, but the presence of natural N03-N 
in the system may account for the excess. The relative losses of both anions are largely 
parallel for the given rainfall treatments and tillage systems. This shows the Br may indeed 
provide a valuable tracer of N03-N movement. 
Overall, anion losses are greatest with the chisel plow system, followed by no-till 
with moldboard plow losses the least (see Tables 4 and 5). For the chisel plow system, on 
average, 52.7% of N03-N applied and 37.7% of Br applied were lost. No-till losses were 
45.1 % and 35.9%, respectively, while moldboard plow losses were 40.8% and 30.2%, 
respectively. On a percentage loss basis, none of these differences is significant at the 5.0% 
level. 
Table 4. Means for percent loss of atrazine, N03-N, and Br 
TYPE OF TILL Atrazine Loss 
Chisel Plow 0.08% 
Mold Board 0.05% 
No Till 0.07% 
TOTAL 0.07% 
N03-NLoss 
52.7% 
40.8% 
45.1% 
46.1% 
BrLoss 
37.7% 
30.2% 
35.9% 
34.5% 
Count 
19 
20 
19 
58 
56 
Table 5. Breakdown by rainfall and tillage of percent loss for atrazine, N03-N, and Br 
Percent Loss 
Atrazine N03-N Br 
Rain 1 
Chisel Plow 0.05% 66.0% 49.2% 
Moldboard 0.03% 40.9% 31.3% 
No Till 0.03% 48.0% 36.4% 
Rain 2 
Chisel Plow 0.08% 47.7% 35.9% 
Moldboard 0.05% 44.0% 36.4% 
No Till 0.10% 53.6% 47.0% 
Rain 3 
Chisel Plow 0.09% 50.3% 30.5% 
Moldboard 0.06% 43.5% 30.6% 
No Till 0.03% 36.1% 26.8% 
Rain 4 
Chisel Plow 0.10% 45.9% 34.6% 
Moldboard 0.05% 34.8% 22.4% 
No Till 0.11% 43.3% 33.5% 
TOTAL 0.07% 46.1% 34.5% 
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Macropores 
The trends outlined above imply the greater influence of preferential solute flow in 
the chisel plow and no-till systems compared to the moldboard plow system. Although one 
might expect the no-till columns to show the most and largest macropores among the three 
tillage systems, this research does not prove that theory. 
In looking at all increments, the mean area and diameter of the macropores in the 
chisel plow columns vary significantly at the 5.0% level with both the moldboard plow and 
no-till columns. When looking at the first increment (i.e. the surface increment) alone, these 
relationships change. Now the area of the macropores in the chisel plow columns are 
significantly larger than those in the moldboard plow columns (at the 5.0% level), but at this 
level they do not vary with the no-till columns. In the surface increment both the no-till 
columns and the chisel plow columns show diameters significantly larger at the 5.0% level 
than do the moldboard plow columns; again, the macropore sizes do not vary significantly 
between the no-till and chisel plow columns. 
The total number of macropores identified also shows a difference between tillage 
methods. A total of 751 macropores were identified in the moldboard plow columns 
compared to 796 in the chisel plow columns and 822 in the no-till columns. The chisel plow 
and no-till columns also show a slightly greater number of macropores in the surface 
increments. A total of 80 macropores were found in the surface increments of the moldboard 
plow columns compared to 88 found in the no-till columns and 92 found in the chisel plow 
columns. 
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It is difficult to determine whether significant differences exist in terms of macropore 
continuity. Macropores of 0.15 cm diameter in size or greater were identified as large enough 
to produce potentially preferential flow. Macropores of this size were checked for potential to 
have developed continuity by virtue of their appearance in consecutive increments, or nearly 
consecutive increments, within a given soil column. Table 4 shows the number of columns 
found to have potential for continuous macropores by tillage method, with this continuity 
divided into three categories: surface, throughout and lower increments. Columns were 
identified as having surface continuity if the nearly consecutive increments did not extend 
below the sixth increment. Columns were identified as having continuity throughout the soil 
column if nearly consecutive increments extended from the first or second increment in the 
column to beyond the sixth increment. Columns with nearly consecutive increments that did 
not extend to the upper three increments of the column were identified as maintaining 
continuity for the lower increments of the columns. 
This continuity assessment yields an unexpected result. Using this criteria, chisel 
plow columns showed the greatest number of columns with potential for continuity (14 
columns total) and no-till columns showed the least potential (9 columns total). Eleven of the 
moldboard plow columns were identified as having potential for continuous macropores. 
The columns with potential for continuity were further analyzed for the potential 
number of continuous channels present. Table 5 shows the number of continuous channels 
yields more predictable results. Seventeen potentially continuous channels were identified for 
both the chisel plow and no-till columns studied while the moldboard plow columns showed 
only 13 channels present. The surface channels were slightly greater in the no-till columns 
than in the moldboard plow columns, nine vs. five were identified, respectively. The chisel 
plow and moldboard plow columns each revealed seven potentially continuous channels 
throughout the soil columns, compared to five for the no-till columns. 
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This analysis of the potential for continuity cannot be used to quantify continuity 
within the individual tillage methods but can only be used to compare the methods to each 
other. Although the differences between methods are slight, the greater number of potentially 
continuous macropore channels for the chisel plow and no-till, coupled with the overall 
greater number of macropores present in those two tillage systems may help to explain the 
presence of the preferential solute flow seen, at least to a limited extent, in the analysis of the 
solute movement. 
Table 6. Number of columns with potentially continuous macropores of 0.15 cm diameter 
or larger 
NUMBEROFCOLUMNSvnTHPOTENT~LY 
CONTINUOUS MACROPORES 
Continuity Continuity present 
Developed potentially present in the increments 
Surface throughout the of the column's 
TYPE OF Tll..L Continuity Only column lower reaches only TOTAL 
Chisel Plow 6 5 3 14 
MoldBoard 3 7 1 11 
No Till 4 3 2 9 
TOTAL 13 15 6 34 
Chi-square (X2=2.602, 4 df), ns. 
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Table 7. Number of channels with potentially continuous macropores of 0.15 cm diameter 
or larger 
TYPEOFTllL 
Chisel Plow 
MoldBoard 
No Till 
TOTAL 
NUMBER OF CHANNELS .WITII POTENTIALLY 
CONTINUOUS MACROPORES 
Continuity Continuity present 
Developed potentially present in the increments 
Surface throughout the of the column's 
Continuity Only column lower reaches only 
7 7 3 
5 7 1 
9 5 3 
21 19 7 
Chi-square (X~2.136, 4 df), ns. 
TOTAL 
17 
13 
17 
47 
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SUMMARY 
1) Total drainage was not significantly influenced by rain treatment (at the 5% level) 
because surface runoff was not allowed; however, the most drainage occurred for 
no-till with the intense rain following a wetting rain. 
2) The mean time to the first drainage was generally lower for columns from the 
recently chisel-plowed area for all four rains, especially for the long gentle rain 
where it took an average of 107 min, compared to 223 min for moldboard plow and 
202 min for no-till. 
3) Increased rainfall intensity significantly reduced the time to first drainage where the 
intense rain produced drainage in 39 min (averaged over tillages); whereas, the 
gentle rain took 174 min. A preliminary wetting rain of 1.0 cm reduced these times 
about 43 and 23%, respectively. 
4) Overall, leaching losses of the soil-absorbed solute atrazine were low being 0.082% 
of that applied for chisel plow, followed by 0.071 % for no-till and 0.042% for 
moldboard plow. 
5) In general, atrazine concentrations in drainage decreased with time for all 
treatments; the decrease was usually the least for chisel plow which overall had the 
largest loss. 
6) Averaged over tillages, the highest initial concentration (11 ppb) was for the long 
gentle rain preceded by a wetting rain, but the largest loss (0.089%) was for the 
intense rain preceded by a wetting rain. The lowest loss (0.036%) was for the single 
gentle rain where initial concentrations were the lowest (3 ppb). 
7) Interaction between rainfall and tillage resulted in no-till generally having the 
lowest atrazine losses for the gentle rains (either with or without the preceding 
wetting rain), but the greatest losses for intense rains. 
8) Losses of the soluble, non-absorbed anions were much larger than for atrazine, but 
with the same tillage trends being 52.7, 45.1, and 40.8% for N03-N for chisel 
64 
plow, no-till, and moldboard plow, respectively; corresponding numbers for Br 
were 37.7, 35.9, and 30.2%. Losses on a percent-of-applied basis are greater for 
N03-N because of N03-N naturally present before application. 
9) Concentrations of N03-N and Br in drainage for the gentle rain increased from 
generally lower initial values (107.1 and 58.5 mg/l, respectively) with time to 
values roughly 50 to 100% higher; for the intense rain, concentrations decreased 
from the highest initial values (163.9 and 133.8 mg/l, respectively) to values 
roughly 10 to 30% lower. Despite these major differences in trends, losses of both 
N03-N and Br were roughly equal for these rains. 
10) Concentrations of N03-N and I. r in drainage for the gentle and intense rains 
preceded by a wetting rain were both lower and more constant with time than either 
of their companion rains just discussed. As a result, anion losses for these two rains 
were lower (e.g., for Br, down from 40% of that applied to 30%). 
11) As with atrazine, interaction between rainfall and tillage resulted in no-till generally 
having the lower anion losses for the gentle rains, but the greater losses for the 
intense rains (both with and without the preceding wetting rain). 
12) Measurements of macro pore diameters showed that macropores for moldboard plow 
were significantly smaller (at the 5% level) than those for no-till or chisel plow. 
And measurements showed that there was significantly more macropore area for 
chisel plow than moldboard plow. 
13) The solute transport data indicate the presence of preferential flow in all columns, 
with more movement for chisel plow and no-till than for moldboard plow. There 
was no apparent difference in preferential solute flow between chisel plow and no-
till. 
14) The fact that the no-till field from which these columns were taken is mechanically 
cultivated may be a major factor in the lack of difference between chisel plow and 
no-till. 
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FURTIIER RESEARCH 
This research did not reveal significant differences in macropore development and/or 
the subsequent solute flow between chisel plow columns and no-till columns as anticipated. 
The characteristics of these two tillage systems may be similar in this experiment because of 
the age and management of the no-till field. 
The development of macropore channels that allow significant amounts of 
preferential flow may be more pronounced in fields that have had no tillage for longer 
periods of time. This field was under no-till for five years; conducting a similar experiment 
using columns from an older no-till field could enhance the scope of this research. 
Most important, however, may be the management of this no-till field. Unlike many 
no-till situations, this field was cultivated. This cultivation may disrupt the macropore 
development and provide a direct cause for the similarity of characteristics between these no-
till columns and the chisel plow columns used in this experiment. This question could be 
addressed through a column study comparing the macropore development and/or solute 
transport in no-till columns from a cultivated field to no-till columns from a field that is not 
cultivated. Such a study could help to verify or deny the results of this experiment that 
indicates few significant differences between the behavior of no-till and chisel plow systems 
with respect to solute transport. 
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MEAN CONCENTRATIONS FOR 1ST BOTTLES 
ATRAZINE NITRATE FLOW BROMIDE FLOW 
FLOW WEIGHTED WEIGHTED 
,,"EIGHTED AVE. CONC. AVE. CONC. 
AVE. CONC. IN MG PER IN MG PER 
IN MG PER LITER LITER 
LITER 
MEAN MEAN MEAN 
TYPE OF TILL 
cp .006606 126.248413 80.217241 
mb .007084 101.116957 68.994217 
nt .006832 11 7.151542 86.324324 
FTOT .006841 114.838970 78.511927 
MEAN CO!,CENTRATIONS FOR 1ST BOTTLES 
ATRAZINE NITRATE FLOW BROMIDE FLOW 
FLOW WEIGHTED WEIGHTED 
'ft"EIGHTED AVE. CONC. AVE. CONC. 
AVE. CONC. IN MG PER IN MG PER 
IN MG PER LITER LITER 
LITER 
MEAN MEAN MEAN 
RAINFALL 
TREATMENT 
1 .003005 107.082419 58.544527 
2 .007243 163.898944 133.750466 
3 .011142 90.780048 53.592303 
4 .005973 97.594471 68.160413 
FTOT .006841 114.838970 78.511927 
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MEAN CONCENTRATIONS FOR 1ST BOTTLES 
ATRAZINE NITRATE FLOW BROMIDE FLOW 
FLOW WEIGHTED WEIGHTED 
WEIGHTED AVE. CONC. AVE. CONC. 
AVE. CONC. IN MG PER IN MG PER 
IN MG PER LITER LITER 
LITER 
MEAN MEAN MEAN 
TYPE OF TILL 
cp 
RAINFALL 
TREATMENT 
1 .001481 132.540485 66.741870 
2 .004867 142.994321 104.507441 
3 .013208 95.736373 47.046002 
4 .006868 133.722472 102.573650 
rob 
RAINFALL 
TREATMENT 
1 .002827 71.588501 35.658422 
2 .005167 165.051055 136.050731 
3 .013594 97.415189 67.429438 
4 .006748 70.413083 36.838278 
nt 
RAINFALL 
TREATMENT 
1 .004706 117.118273 73.233290 
2 .011696 183.651455 160.693226 
3 .006623 79.188582 46.301470 
4 .004303 88.647858 65.069311 
FTOT .006841 114.838970 78.511927 
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MEANS FOR FLOW WEIGHTS FOR COLUMN TOTALS 
ATRAZINE NITRATE FLOW BROMIDE FLOW 
FLOW WEIGHTED WEIGHTED 
WEIGHTED AVE. CONC. AVE. CONC. 
AVE. CONC. IN MG PER IN MG PER 
IN MG PER LITER LITER 
LITER 
MEAN MEAN MEAN 
TYPE OF TILL 
cp .003534 140.006021 93.629730 
rob .002136 123.087868 86.293211 
nt .003216 133.474883 99.970010 
FTOT .002947 132.032664 93.176884 
MEANS FOR FLOW WEIGHTS FOR COLUMN TOTALS 
ATRAZINE NITRATE FLOW BROMIDE FLOW 
FLOW WEIGHTED WEIGHTED 
WEIGHTED AVE. CONC. AVE. CONC. 
AVE. CONC. IN MG PER IN MG PER 
IN MG PER LITER LITER 
LITER 
MEAN MEAN MEAN 
RAINFALL 
TREATMENT 
1 .001726 150.027211 103.221480 
2 .003377 141.390063 110.394361 
3 .002839 128.746731 84.653288 
4 .003795 109.790115 76.255878 
FTOT .002947 132.032664 93.176884 
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MEANS FOR FLOW WEIGHTS FOR COLUMN TOTALS 
ATRAZINE NITRATE FLOW BROMIDE FLOW 
FLOW WEIGHTED WEIGHTED 
WEIGHTED AVE. CONC. AVE. CONC. 
AVE. CONC. IN MG PER IN MG PER 
IN MG PER LITER LITER 
LITER 
MEAN MEAN MEAN 
TYPE OF TILL 
cp 
RAINFALL 
TREATMENT 
1 .002211 166.185480 113.476652 
2 .003599 129.774231 91.120730 
3 .003802 132.760347 77.763324 
4 .004536 129.257669 91. 656413 
mb 
RAINFALL 
TREATMENT 
1 .001477 132.613032 91.138167 
2 .002007 138.557391 108.664336 
3 .002578 122.231922 83.134323 
4 .002482 98.949125 62.236017 
nt 
RAINFALL 
TREATMENT 
1 .001432 151. 597099 105.506657 
2 .004568 153.515401 127.543290 
3 .002138 131.247923 93.062218 
4 .004368 101.163551 74.875204 
FTOT .002947 132.032664 93.176884 
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MEANS FOR PERCENT LOSS FOR ATRAZINE,BROMIDE,NITRATE 
PERCENT PERCENT PERCENT 
ATRAZINE NITRATE LOSS BROMIDE LOSS 
LOSS 
MEAN MEAN MEAN 
TYPE OF TILL 
cp .082402 52.731167 37.653747 
rob .046927 40.815260 30.187625 
nt .071253 45.103681 35.901447 
FTOT .066517 46.123574 34.505193 
MEANS FOR PERCENT LOSS FOR ATRAZINE,BROMIDE,NITRATE 
PERCENT PERCENT PERCENT 
ATRAZINE NITRATE LOSS BROMIDE LOSS 
LOSS 
MEAN MEAN MEAN 
RAINFALL 
TREATMENT 
1 .036476 51. 879650 39.139053 
2 .077461 48.504933 40.062435 
3 .061447 43.314089 29.325862 
4 .089412 41.338120 30.172827 
FTOT .066517 46.123574 34.505193 
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MEANS FOR PERCENT LOSS FOR ATRAZINE,BROMIDE,NITRATE 
PERCENT PERCENT PERCENT 
ATRAZINE NITRATE LOSS BROMIDE LOSS 
LOSS 
MEAN MEAN MEAN 
TYPE OF TILL 
cp 
RAINFALL 
TREATMENT 
1 .051627 65.966149 49.227730 
2 .083473 47.742420 35.946615 
3 .090347 50.293310 30.508587 
4 .104376 45.925039 34.590630 
mb 
RAINFALL 
TREATMENT 
1 .026655 40.867940 31.253124 
2 .045735 44.047652 36.436613 
3 .061167 43.540669 30.623855 
4 .054152 34.804779 22.436910 
nt 
RAINFALL 
TREATMENT 
1 .029812 48.036164 36.385620 
2 .104376 53.572226 46.980913 
3 .032828 36.108289 26.845146 
4 .109707 43.284542 33.490942 
FTOT .066517 46.123574 34.505193 
78 
MEANS FOR TIME TO FIRST DROP 
TIME TO 
FIRST DROP 
IN MINUTES 
MEAN 
TYPE OF TILL 
cp 68.105263 
mb 103.222222 
nt 97.650000 
FTOT 89.561404 
MEANS FOR TIME TO FIRST DROP 
TIME TO 
FIRST DROP 
IN MINUTES 
MEAN 
RAINFALL 
TREATMENT 
1 174.142857 
2 39.000000 
3 134.384615 
4 22.333333 
FTOT 89.561404 
79 
MEANS FOR TIME TO FIRST DROP 
TIME TO 
FIRST DROP 
IN MINUTES 
MEAN 
TYPE OF TILL 
cp 
RAINFALL 
TREATMENT 
1 107.200000 
2 33.000000 
3 124.500000 
4 19.000000 
rob 
RAINFALL 
TREATMENT 
1 223.250000 
2 45.000000 
3 146.500000 
4 30.800000 
nt 
RAINFALL 
TREATMENT 
1 201.800000 
2 39.000000 
3 132.600000 
4 17.200000 
FTOT 89.561404 
80 
MEANS FOR NET WATER IN MM 
TOTAL 
DRAINAGE IN 
MM 
MEAN 
TYPE OF TILL 
cp 51.609604 
mb 47.687825 
nt 47.009862 
FTOT 48.798914 
MEANS FOR NET WATER IN MM 
TOTAL 
DRAINAGE IN 
MM 
MEAN 
RAINFALL 
TREATMENT 
1 48.912050 
2 48.022539 
3 45.182922 
4 53.085689 
FTOT 48.798914 
81 
MEANS FOR NET WATER IN MM 
TOTAL 
DRAINAGE IN 
MM 
MEAN 
TYPE OF TILL 
cp 
RAINFALL 
TREATMENT 
1 57.221287 
2 49.362914 
3 50.722918 
4 49.131298 
mb 
RAINFALL 
TREATMENT 
1 43.720846 
2 47.012258 
3 47.923753 
4 52.094442 
nt 
RAINFALL 
TREATMENT 
1 45.014508 
2 47.692445 
3 36.902096 
4 58.031327 
FTOT 48.798914 
82 
MEANS & MEDIANS FOR ~~CROPORE SIZE 
DIAM 
MEAN MEDIAN Count 
TILL 
CP .135354497 .127400000 796 
NT .132627518 .127400000 822 
MB .133029640 .127400000 751 
FTOT .133671279 .127400000 2369 
MEANS & MEDIANS FOR MACROPORE SIZE 
AREA 
MEAN MEDIAN Count 
TILL 
CP .016393626 .015214286 796 
NT .015962591 .015214286 822 
MB .016067388 .015214286 751 
FTOT .016140643 .015214286 2369 
83 
MEANS & MEDIANS FOR MACROPORE SIZE IN INC 1 
DIAM 
MEAN MEDIAN Count 
TILL 
CP .141702826 .145600000 92 
NT .139705682 .145600000 88 
MB .131313000 .127400000 80 
FTOT .137830000 .131040000 260 
MEANS & MEDIANS FOR MACROPORE SIZE IN INC 1 
AREA 
MEAN MEDIAN Count 
TILL 
CP .017037862 .017750000 92 
NT .016460343 .015214286 88 
MB .015991358 .015214286 80 
FTOT .016520393 .015214286 260 
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A K 
1 
2 
3 Till No. Pos Blk Rain Bot DTime NetTime NetWt WDRate Atrazine ppb 
4 01 2 3 1 1 122 053 0123.79 02.3357 00.0 
5 01 2 3 1 2 000 046 0253.55 05.5120 00.0 
6 01 2 3 1 3 000 042 0244.68 05.8257 00.0 
7 01 2 3 1 4 000 094 0498.30 05.3011 00.5 
8 01 2 3 1 5 000 069 0493.75 07.1558 00.8 
9 cp 01 2 3 1 6 000 500 0490.25 00.9805 00.9 
10 cp 01 2 3 1 9 000 000 2104.32 00.0000 00.0 
11 cp 04 3 1 1 1 119 061 0069.60 01.1410 02.6 
12 cp 04 3 1 1 2 000 045 0264.39 05.8753 01.5 
13 cp 04 3 1 1 3 000 053 0254.05 04.7934 01.9 
14 cp 04 3 1 1 4 000 104 0501.44 04.8215 01.7 
15 cp 04 3 1 1 5 000 083 0372.89 04.4927 03.0 
16 cp 04 3 1 1 6 000 500 0255.51 00.5110 02.2 
17 cp 04 3 1 1 9 000 000 1717.88 00.0000 00.0 
18 cp 01 1 2 1 1 110 049 0138.47 02.8259 01.8 
19 cp 01 1 2 1 2 000 036 0253.98 07.0550 01.4 
20 cp 01 1 2 1 3 000 039 0260.57 06.6813 01.3 
21 cp 01 1 2 1 4 000 076 0500.01 06.5791 02.2 
22 cp 01 1 2 1 5 000 079 0509.97 06.4553 02.0 
23 cp 01 1 2 1 6 000 085 0447.48 05.2645 01.8 
24 cp 01 1 2 1 7 000 500 0574.27 01.1485 01.8 
25 cp 01 1 2 1 9 000 000 2684.75 00.0000 00.0 
26 cp 09 1 4 1 1 070 083 0054.29 00.6541 01.5 
27 cp 09 1 4 1 2 000 075 0246.79 03.2905 02.7 
28 cp 09 1 4 1 3 000 058 0242.54 04.1817 04.2 
29 cp 09 1 4 1 4 000 500 0412.n 00.8255 04.2 
30 cp 09 1 4 1 9 000 000 0956.39 00.0000 00.0 
31 cp 12 1 5 1 1 115 036 0080.45 02.2347 01.5 
32 cp 12 1 5 1 2 000 053 0225.15 04.2481 02.3 
33 cp 12 1 5 1 3 000 046 0239.72 05.2113 02.1 
34 cp 12 1 5 1 4 000 097 0516.12 05.3208 01.5 
35 cp 12 1 5 1 5 000 099 0504.51 05.0961 03.0 
36 cp 12 1 5 1 6 000 500 0259.88 00.5198 06.7 
37 cp 12 1 5 1 9 000 000 1825.83 00.0000 00.0 
38 cp 04 3 1 2 1 033 025 0195.67 07.8268 05.0 
39 cp 04 3 1 2 2 000 011 0267.16 24.2873 03.2 
40 cp 04 3 1 2 3 000 010 0216.79 21.6790 02.3 
41 cp 04 3 1 2 4 000 027 0513.02 19.0007 03.7 
42 cp 04 3 1 2 5 000 479 0452.46 00.9446 02.0 
43 cp 04 3 1 2 6 000 500 0025.59 00.0512 00.0 
44 cp 04 3 1 2 9 000 000 1670.69 00.0000 00.0 
45 cp 09 3 2 2 1 028 011 0116.02 10.5473 09.2 
46 cp 09 3 2 2 2 000 012 0264.99 22.0825 04.8 
47 cp 09 3 2 2 3 000 010 0254.76 25.4760 06.0 
48 c 09 3 2 2 4 000 025 0514.42 20.5768 05.2 
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A K 
1 
2 
3 Till No. Pos Blk Rain Bot DTime NetTime NetWt WDRate Atrazine ppb 
49 cp 09 3 2 2 5 000 052 0514.09 09.8863 03.3 
50 cp 09 3 2 2 6 000 500 0248.54 00.4971 02.8 
51 cp 09 3 2 2 9 000 000 1912.82 00.0000 00.0 
52 cp 02 1 3 2 1 034 020 0132.48 06.6240 03.7 
53 cp 02 1 3 2 2 000 015 0250.86 16.7240 06.0 
54 cp 02 1 3 2 3 000 017 0254.52 14.9718 02.3 
55 cp 02 1 3 2 4 000 025 0521.78 20.8712 07.0 
56 cp 02 1 3 2 5 000 500 0559.27 01.1185 02.6 
57 cp 02 1 3 2 9 000 000 1718.91 00.0000 00.0 
58 cp 08 1 4 2 1 032 008 0106.61 13.3263 04.3 
59 cp 08 1 4 2 2 000 010 0238.71 23.8710 03.8 
60 cp 08 1 4 2 3 000 012 0237.49 19.7908 03.6 
61 cp 08 1 4 2 4 000 022 0528.36 24.0164 03.6 
62 cp 08 1 4 2 5 000 031 0503.85 16.2532 03.6 
63 cp 08 1 4 2 6 000 500 0145.87 00.2917 02.6 
64 cp 08 1 4 2 9 000 000 1760.89 00.0000 00.0 
65 cp 03 2 5 2 1 038 022 0156.16 07.0982 01.6 
66 cp 03 2 5 2 2 000 016 0252.70 15.7938 01.7 
67 cp 03 2 5 2 3 000 013 0246.36 18.9508 03.8 
68 cp 03 2 5 2 4 000 500 0294.93 00.5899 01.7 
69 cp 03 2 5 2 9 000 000 0950.15 00.0000 00.0 
70 cp 12 2 3 3 1 098 027 0079.51 02.9448 11.1 
71 cp 12 2 3 3 2 000 052 0236.13 04.5410 01.3 
72 cp 12 2 3 3 3 000 027 0243.57 09.0211 00.8 
73 cp 12 2 3 3 4 000 080 0505.13 06.3141 16.5 
74 cp 12 2 3 3 5 000 500 0344.08 00.6882 02.3 
75 cp 12 2 3 3 9 000 000 1408.42 00.0000 00.0 
76 cp 12 2 5 3 1 136 020 0099.98 04.9990 12.8 
n cp 12 2 5 3 2 000 049 0224.75 04.5867 00.6 
78 cp 12 2 5 3 3 000 048 0232.33 04.8402 01.4 
79 cp 12 2 5 3 4 000 097 0483.42 04.9837 01.3 
80 cp 12 2 5 3 5 000 500 0338.38 00.6768 01.0 
81 cp 12 2 5 3 9 000 000 1378.86 00.0000 00.0 
82 cp 06 1 1 3 1 126 041 0129.66 03.1624 02.5 
83 cp 06 1 1 3 2 000 036 0267.51 07.4308 02.8 
84 cp 06 1 1 3 3 000 036 0266.88 07.4133 03.3 
85 cp 06 1 1 3 4 000 072 0542.36 07.5328 00.3 
86 cp 06 1 1 3 5 000 070 0552.98 07.8997 08.5 
87 cp 06 1 1 3 6 000 070 0550.60 01.1012 04.1 
88 cp 06 1 1 3 7 000 500 0340.52 00.6810 04.4 
89 cp 06 1 1 3 9 000 000 2650.51 00.0000 00.0 
90 cp 08 2 2 3 1 000 128 0099.70 00.7789 37.9 
91 cp 08 2 2 3 2 000 044 0226.94 05.15n 02.0 
92 cp 08 2 2 3 3 000 050 0254.50 05.0900 01.2 
93 c 08 2 2 3 4 000 102 0519.32 05.0914 01.2 
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1 
2 
3 Till No. Pos Blk Rain Bot DTime NetTime NetWt WDRate Atrazine ppb 
94 cp 08 2 2 3 5 000 146 0524.25 03.5908 01.6 
95 cp 08 2 2 3 6 000 500 0062.97 00.1259 06.4 
96 cp 08 2 2 3 9 000 000 1687.68 00.0000 00.0 
97 cp 05 1 4 3 1 138 028 00n.51 02.7682 01.6 
98 cp 05 1 4 3 2 000 067 0240.17 03.5846 01.0 
99 cp 05 1 4 3 3 000 061 0255.08 04.1816 01.3 
100 cp 05 1 4 3 4 000 137 0497.15 03.6288 02.1 
101 cp 05 1 4 3 5 000 500 0038.86 00.0777 06.7 
102 cp 05 1 4 3 9 000 000 1108.77 00.0000 00.0 
103 cp 05 1 1 4 1 043 042 0137.18 03.2662 01.0 
104 cp 05 1 1 4 2 000 029 0268.88 09.2717 04.6 
105 cp 05 1 1 4 3 000 029 0260.06 08.9676 04.9 
106 cp 05 1 1 4 4 000 075 0528.61 07.0481 05.9 
107 cp 05 1 1 4 5 000 SOD 0085.19 00.1704 09.8 
108 cp 05 1 1 4 9 000 000 1279.92 00.0000 00.0 
109 cp 11 1 2 4 1 010 016 0101.70 06.3652 09.7 
110 cp 11 1 2 4 2 000 021 0253.47 12.0700 06.0 
111 cp 11 1 2 4 3 000 017 0236.03 13.8841 04.6 
112 cp 11 1 2 4 4 000 030 0501.28 16.7093 05.0 
113 cp 11 1 2 4 5 000 SOO 0432.84 00.8657 02.6 
114 cp 11 1 2 4 9 000 000 1525.32 00.0000 00.0 
115 cp 03 3 3 4 1 028 012 0118.77 09.8975 02.8 
116 cp 03 3 3 4 2 000 014 0250.87 17.9193 05.0 
117 cp 03 3 3 4 3 000 012 0251.23 20.9358 02.5 
118 cp 03 3 3 4 4 000 032 0498.59 15.5809 03.4 
119 cp 03 3 3 4 5 000 SOD 0152.87 00.3057 02.7 
120 cp 03 3 3 4 9 000 000 1272.33 00.0000 00.0 
121 cp 02 2 4 4 1 009 018 0147.02 08.1678 06.8 
122 cp 02 2 4 4 2 000 008 0249.59 31.1988 07.4 
123 cp 02 2 4 4 3 000 017 0251.80 14.8118 08.5 
124 cp 02 2 4 4 4 000 026 0491.27 18.8950 05.4 
125 cp 02 2 4 4 5 000 027 0484.85 17.9574 06.7 
126 cp 02 2 4 4 6 000 500 0573.73 01.1475 04.7 
127 cp 02 2 4 4 9 000 000 2198.26 00.0000 00.0 
128 cp 10 3 5 4 1 005 026 0131.49 05.0573 14.6 
129 cp 10 3 5 4 2 000 018 0252.15 14.0083 01.8 
130 cp 10 3 5 4 3 000 017 0254.68 14.9812 05.8 
131 cp 10 3 5 4 4 000 500 1061.71 02.1234 01.6 
132 cp 10 3 5 4 9 000 000 1700.03 00.0000 00.0 
133 mb 09 3 2 1 1 181 036 0135.14 03.7539 01.3 
134 mb 09 3 2 1 2 000 050 0260.90 05.2180 00.3 
135 mb 09 3 2 1 3 000 046 0247.n 05.3863 00.3 
136 mb 09 3 2 1 4 000 084 0502.12 05.9n6 00.1 
137 mb 09 3 2 1 5 000 500 0358.39 00.7168 00.4 
138 mb 09 3 2 1 9 000 000 1504.32 00.0000 00.0 
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139 mb 08 1 3 1 1 217 090 0220.97 02.4552 02.5 
140 mb 08 1 3 1 2 000 054 0270.68 05.0126 00.7 
141 mb 08 1 3 1 3 000 045 0259.56 05.7680 03.7 
142 mb 08 1 3 1 4 000 092 0496.52 05.3970 00.8 
143 mb 08 1 3 1 5 000 500 0132.46 00.2649 04.4 
144 mb 08 1 3 1 9 000 000 1380.19 00.0000 00.0 
145 mb 09 2 1 1 1 000 234 0242.11 01.0347 01.4 
146 mb 09 2 1 1 2 000 046 0257.18 05.5909 00.4 
147 mb 09 2 1 1 3 000 041 0229.77 05.6041 01.1 
148 mb 09 2 1 1 4 000 099 0472.14 04.7691 00.5 
149 mb 09 2 1 1 5 000 045 0236.32 05.2516 00.7 
150 mb 09 2 1 1 6 000 500 0521.05 01.0421 00.5 
151 mb 09 2 1 1 9 000 000 1958.57 00.0000 00.0 
152 mb 10 3 4 1 1 235 025 0106.96 04.2784 02.0 
153 mb 10 3 4 1 2 000 052 0243.23 04.6775 00.5 
154 mb 10 3 4 1 3 000 042 0249.51 05.9407 00.7 
155 mb 10 3 4 1 4 000 152 0538.03 03.5397 00.0 
156 mb 10 3 4 1 9 000 000 1137.73 00.0000 00.0 
157 mb 06 3 5 1 1 260 026 0087.81 03.3773 06.3 
158 mb 06 3 5 1 2 000 046 0215.64 04.6878 02.8 
159 mb 06 3 5 1 3 000 054 0255.21 04.7261 04.3 
160 mb 06 3 5 1 4 000 155 0498.76 03.2178 00.0 
161 mb 06 3 5 1 5 000 SOO 0059.31 00.1186 36.6 
162 mb 06 3 5 1 9 000 000 1116.73 00.0000 00.0 
163 mb 03 2 1 2 1 043 016 0214.16 13.3850 04.8 
164 mb 03 2 1 2 2 000 009 0266.60 29.6222 02.7 
165 mb 03 2 1 2 3 000 009 0202.99 22.5544 05.1 
166 mb 03 2 1 2 4 000 021 0568.45 27.0690 02.6 
167 mb 03 2 1 2 5 000 019 0541.60 28.5053 03.1 
168 mb 03 2 1 2 6 000 032 0511.74 15.9919 03.2 
169 mb 03 2 1 2 7 000 438 0383.92 00.8765 00.7 
170 mb 03 2 1 2 9 000 000 2689.46 00.0000 00.0 
171 mb 04 3 3 2 1 007 024 0141.38 05.8908 01.8 
172 mb 04 3 3 2 2 000 032 0251.91 07.8722 00.9 
173 mb 04 3 3 2 3 000 013 0248.83 19.1408 00.1 
174 mb 04 3 3 2 4 000 015 0532.99 35.5327 00.6 
175 mb 04 3 3 2 5 000 020 0511.59 25.5795 01.0 
176 mb 04 3 3 2 6 000 500 0389.22 00.7784 00.7 
177 mb 04 3 3 2 9 000 000 2075.92 00.0000 00.0 
178 mb 07 2 4 2 1 050 018 0087.13 04.8406 04.4 
179 mb 07 2 4 2 2 000 022 0232.02 10.5464 01.9 
180 mb 07 2 4 2 3 000 018 0260.18 14.4544 00.5 
181 mb 07 2 4 2 4 000 500 0266.51 00.5330 00.8 
182 mb 07 2 4 2 9 000 000 0845.84 00.0000 00.0 
183 mb 03 2 2 2 1 057 032 0156.89 04.9028 02.8 
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184 mb 03 2 2 2 2 000 014 0248.25 17.7321 02.5 
185 mb 03 2 2 2 3 000 016 0258.26 16.1413 02.9 
186 mb 03 2 2 2 4 000 159 0503.12 03.1643 00.9 
187 mb 03 2 2 2 5 000 500 0031.21 00.0624 00.9 
188 mb 03 2 2 2 9 000 000 1197.73 00.0000 00.0 
189 mb 04 3 5 2 1 068 021 0118.18 05.6276 08.1 
190 mb 04 3 5 2 2 000 011 0263.01 23.9100 01.1 
191 mb 04 3 5 2 3 000 018 0252.09 14.0050 00.5 
192 mb 04 3 5 2 4 000 500 0189.63 00.3793 02.0 
193 mb 04 3 5 2 9 000 000 0822.91 00.0000 00.0 
194 mb 12 2 1 3 1 065 037 0109.86 02.9692 59.0 
195 mb 12 2 1 3 2 000 062 0261.00 04.2097 01.6 
196 mb 12 2 1 3 3 000 055 0261.64 04.7571 01.1 
197 mb 12 2 1 3 4 000 110 0536.85 04.8805 01.8 
198 mb 12 2 1 3 5 000 102 0479.15 04.6975 03.8 
199 mb 12 2 1 3 6 000 500 0224.60 00.4492 20.6 
200 mb 12 2 1 3 9 000 000 1873.10 00.0000 00.0 
201 mb 12 3 5 3 1 176 018 0075.91 04.2172 02.6 
202 mb 12 3 5 3 2 000 046 0226.50 04.9239 00.6 
203 mb 12 3 5 3 3 000 044 0232.64 05.2873 00.4 
204 mb 12 3 5 3 4 000 097 0537.74 05.5437 00.6 
205 mb 12 3 5 3 5 000 300 0572.27 01.9076 00.2 
206 mb 12 3 5 3 6 000 500 0307.12 00.6142 00.9 
207 mb 12 3 5 3 9 000 000 1952.18 00.0000 00.0 
208 mb 01 1 2 3 1 000 147 0109.61 00.7456 02.6 
209 mb 01 1 2 3 2 000 053 0249.94 04.7158 01.4 
210 mb 01 1 2 3 3 000 054 0249.67 04.6235 02.5 
211 mb 01 1 2 3 4 000 121 0519.59 04.2941 01.4 
212 mb 01 1 2 3 5 000 500 0085.93 00.1719 03.1 
213 mb 01 1 2 3 9 000 000 1214.74 00.0000 00.0 
214 mb 07 3 3 3 1 153 025 0121.53 04.8612 01.5 
215 mb 07 3 3 3 2 000 047 0246.51 05.2449 05.8 
216 mb 07 3 3 3 3 000 042 0230.05 05.4n4 01.1 
217 mb 07 3 3 3 4 000 095 0496.30 05.2242 00.7 
218 mb 07 3 3 3 5 000 500 0474.74 00.9495 01.2 
219 mb 07 3 3 3 9 000 000 1569.13 00.0000 00.0 
220 mb 08 3 4 3 r 192 027 0111.94 04.1459 01.4 
221 mb 08 3 4 3 2 000 049 0248.63 05.0741 00.7 
222 mb 08 3 4 3 3 000 051 0254.33 04.9869 01.0 
223 mb 08 3 4 3 4 000 113 0500.89 04.4327 00.6 
224 mb 08 3 4 3 5 000 500 0054.89 00.1098 02.4 
225 mb 08 3 4 3 9 000 000 1170.68 00.0000 00.0 
226 mb 10 2 1 4 1 035 051 0141.25 02.7696 20.2 
227 mb 10 2 1 4 2 000 050 0258.12 05.1624 01.1 
228 mb 10 2 1 4 3 000 045 0259.54 05.7676 01.1 
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229 mb 10 2 1 4 4 000 081 0406.41 05.0174 00.1 
230 mb 10 2 1 4 5 000 500 0019.58 00.0392 00.0 
231 mb 10 2 1 4 9 000 000 1084.90 00.0000 00.0 
232 mb 01 3 2 4 1 010 022 0104.32 04.7418 08.5 
233 mb 01 3 2 4 2 000 014 0251.77 17.9836 05.0 
234 mb 01 3 2 4 3 000 018 0253.04 31.6300 00.6 
235 mb 01 3 2 4 4 000 017 0546.85 32.1676 00.6 
236 mb 01 3 2 4 5 000 014 0554.44 39.6029 00.7 
237 mb 01 3 2 4 6 000 023 0518.18 22.5296 00.5 
238 mb 01 3 2 4 7 000 500 0163.29 00.3266 01.0 
239 mb 01 3 2 4 9 000 000 2391.89 00.0000 00.0 
240 mb 11 2 3 4 1 022 018 0114.21 06.3450 01.6 
241 mb 11 2 3 4 2 000 044 0262.61 05.9684 16.7 
242 mb 11 2 3 4 3 000 019 0249.79 13.1468 01.4 
243 mb 11 2 3 4 4 000 037 0510.87 13.8073 01.6 
244 mb 11 2 3 4 5 000 500 0572.93 01.1459 03.1 
245 mb 11 2 3 4 9 000 000 1710.41 00.0000 00.0 
246 mb 02 1 5 4 1 035 024 0152.09 06.3371 01.8 
247 mb 02 1 5 4 2 000 016 0269.82 16.8637 02.5 
248 mb 02 1 5 4 3 000 013 0249.34 19.1800 03.4 
249 mb 02 1 5 4 4 000 088 0833.51 09.4717 00.7 
250 mb 02 1 5 4 5 000 500 0065.15 00.1303 02.7 
251 mb 02 1 5 4 9 000 000 1569.91 00.0000 00.0 
252 mb 11 3 4 4 1 052 017 0116.31 06.8418 01.2 
253 mb 11 3 4 4 2 000 026 0251.92 09.6892 01.6 
254 mb 11 3 4 4 3 000 025 0251.84 10.0736 00.6 
255 mb 11 3 4 4 4 000 058 0501.36 08.6441 00.5 
256 mb 11 3 4 4 5 000 500 0578.35 01.1567 00.5 
257 mb 11 3 4 4 9 000 000 1699.78 00.0000 00.0 
258 nt 08 2 4 1 1 240 031 0104.06 03.3568 05.2 
259 nt 08 2 4 1 2 000 050 0238.95 04.7790 00.7 
260 nt 08 2 4 1 3 000 043 0252.50 05.8721 00.7 
261 nt 08 2 4 1 4 000 146 0538.31 03.6871 00.7 
262 nt 08 2 4 1 5 000 500 0099.05 00.1981 00.7 
263 nt 08 2 4 1 9 000 000 1232.87 00.0000 00.0 
264 nt 09 1 1 1 1 170 044 0111.69 02.5384 02.2 
265 nt 09 1 1 1 2 000 046 0236.02 05.1309 01.7 
266 nt 09 1 1 1 3 000 057 0261.09 04.5805 02.0 
267 nt 09 1 1 1 4 000 119 0528.39 04.4403 02.0 
268 nt 09 1 1 1 5 000 500 0386.56 00.7731 01.6 
269 nt 09 1 1 1 9 000 000 1523.75 00.0000 00.0 
270 nt 08 2 2 1 1 157 041 0139.47 03.4017 01.6 
271 nt 08 2 2 1 2 000 047 0246.47 05.2440 01.9 
272 nt 08 2 2 1 3 000 048 0251.47 05.2390 03.0 
273 nt 08 2 2 1 4 000 098 0501.35 05.1158 00.3 
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274 nt 08 2 2 1 5 000 500 0316.58 00.6332 00.9 
275 nt 08 2 2 1 9 000 000 1455.34 00.0000 00.0 
276 nt 07 3 3 1 1 202 054 0136.35 02.5250 08.1 
277 nt 07 3 3 1 2 000 043 0256.89 05.9742 01.4 
278 nt 07 3 3 1 3 000 051 0270.87 05.3112 01.0 
279 nt 07 3 3 1 4 000 068 0490.24 07.2094 00.7 
280 nt 07 3 3 1 5 000 500 0479.73 00.9595 00.8 
281 nt 07 3 3 1 9 000 000 1634.08 00.0000 00.0 
282 nt 05 2 5 1 1 240 030 0094.19 03.1397 07.0 
283 nt 05 2 5 1 2 000 500 0032.44 00.0649 00.0 
284 nt 05 2 5 1 9 000 000 0126.63 00.0000 00.0 
285 nt 12 2 3 2 1 040 013 0129.18 09.9369 02.6 
286 nt 12 2 3 2 2 000 013 0251.35 19.3346 01.4 
287 nt 12 2 3 2 3 000 014 0255.89 18.2779 03.7 
288 nt 12 2 3 2 4 000 023 0496.80 21.6000 02.4 
289 nt 12 2 3 2 5 000 500 0300.68 00.6014 02.4 
290 nt 12 2 3 2 9 000 000 1433.90 00.0000 00.0 
291 nt 02 3 4 2 1 050 013 0114.27 08.7900 08.4 
292 nt 02 3 4 2 2 000 012 0238.08 19.8400 01.8 
293 nt 02 3 4 2 3 000 012 0235.94 19.6617 01.1 
294 nt 02 3 4 2 4 000 046 0512.83 11.1485 01.2 
295 nt 02 3 4 2 5 000 500 0140.93 00.2819 03.1 
296 nt 02 3 4 2 9 000 000 1242.05 00.0000 00.0 
297 nt 06 1 5 2 1 043 016 0147.23 09.2019 34.6 
298 nt 06 1 5 2 2 000 012 0245.71 20.4758 16.4 
299 nt 06 1 5 2 3 000 009 0245.17 27.2411 20.0 
300 nt 06 1 5 2 4 000 019 0518.19 27.2732 00.9 
301 nt 06 1 5 2 5 000 500 0570.14 01.1403 01.5 
302 nt 06 1 5 2 9 000 000 1726.44 00.0000 00.0 
303 nt 03 1 1 2 1 033 014 0127.96 09.1400 06.7 
304 nt 03 1 1 2 2 000 015 0260.80 17.3867 07.5 
305 nt 03 1 1 2 3 000 004 0256.44 64.1100 05.6 
306 nt 03 1 1 2 4 000 023 0510.15 22.1804 04.5 
307 nt 03 1 1 2 5 000 093 0502.67 05.4051 05.1 
308 nt 03 1 1 2 6 000 500 0059.42 00.1188 05.1 
309 nt 03 1 1 2 9 000 000 1717.44 00.0000 00.0 
310 nt 12 1 2 2 1 029 020 0157.01 07.8505 05.6 
311 nt 12 1 2 2 2 000 010 0251.11 25.1110 04.0 
312 nt 12 1 2 2 3 000 012 0252.13 21.0108 03.9 
313 nt 12 1 2 2 4 000 028 0517.90 18.4964 03.1 
314 nt 12 1 2 2 5 000 500 0444.30 00.8886 04.0 
315 nt 12 1 2 2 9 000 000 1622.45 00.0000 00.0 
316 nt 09 3 1 3 1 127 022 0105.32 04.7873 07.0 
317 nt 09 3 1 3 2 000 057 0259.79 04.5577 01.5 
318 nt 09 3 1 3 3 000 057 0268.49 04.7104 01.3 
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319 nt 09 3 1 3 4 000 113 0542.55 04.8013 02.1 
320 nt 09 3 1 3 5 000 500 0279.64 00.5593 03.6 
321 nt 09 3 1 3 9 000 000 1455.79 00.0000 00.0 
322 nt 05 3 2 3 1 180 044 0164.32 03.7345 01.0 
323 nt 05 3 2 3 2 000 048 0248.64 03.4533 01.0 
324 nt 05 3 2 3 3 000 042 0226.75 05.3988 01.6 
325 nt 05 3 2 3 4 000 098 0530.82 05.4165 00.6 
326 nt 05 3 2 3 5 000 500 0161.27 00.3225 01.6 
327 nt 05 3 2 3 9 000 000 1331.80 00.0000 00.0 
328 nt 10 2 4 3 1 127 020 0097.70 04.8850 09.6 
329 nt 10 2 4 3 2 000 060 0242.03 04.0338 00.6 
330 nt 10 2 4 3 3 000 055 0246.97 04.4904 00.6 
331 nt 10 2 4 3 4 000 109 0504.47 04.6282 00.6 
332 nt 10 2 4 3 5 000 500 0215.80 00.4316 01.4 
333 nt 10 2 4 3 9 000 000 1306.97 00.0000 00.0 
334 nt 01 1 5 3 1 136 020 0099.44 04.9720 13.7 
335 nt 01 1 5 3 2 000 139 0235.38 01.6934 01.0 
336 nt 01 1 5 3 3 000 088 0201.30 02.2875 02.7 
337 nt 01 1 5 3 4 000 500 0074.88 00.1498 02.3 
338 nt 01 1 5 3 9 000 000 0611.00 00.0000 00.0 
339 nt 04 1 3 3 1 093 034 0102.06 03.0018 01.9 
340 nt 04 1 3 3 2 000 049 0225.66 04.6053 01.5 
341 nt 04 1 3 3 3 000 055 0245.65 04.4664 00.9 
342 nt 04 1 3 3 4 000 124 0508.12 04.0977 01.1 
343 nt 04 1 3 3 5 000 500 0203.55 00.4071 06.2 
344 nt 04 1 3 3 9 000 000 1285.04 00.0000 00.0 
345 nt 07 2 2 4 1 034 008 0108.01 13.5013 01.8 
346 nt 07 2 2 4 2 000 009 0204.93 22.7700 00.8 
347 nt 07 2 2 4 3 000 010 0257.82 25.7820 01.5 
348 nt 07 2 2 4 4 000 017 0545.95 32.1147 01.1 
349 nt 07 2 2 4 5 000 500 0566.94 01.1339 00.8 
350 nt 07 2 2 4 9 000 000 1683.65 00.0000 00.0 
351 nt 11 1 4 4 1 007 024 0132.11 05.5046 01.8 
352 nt 11 1 4 4 2 000 005 0271.53 54.3060 11.1 
353 nt 11 1 4 4 3 000 015 0270.35 18.0233 01.4 
354 nt 11 1 4 4 4 000 017 0519.38 30.5518 01.0 
355 nt 11 1 4 4 5 000 017 0503.55 29.6206 04.7 
356 nt 11 1 4 4 6 000 500 0413.48 00.8270 02.2 
357 nt 11 1 4 4 9 000 000 2110.40 00.0000 00.0 
358 nt 03 2 5 4 1 026 032 0116.51 03.6409 02.1 
359 nt 03 2 5 4 2 000 016 0253.31 15.8319 05.4 
360 nt 03 2 5 4 3 000 018 0268.92 14.9400 01.2 
361 nt 03 2 5 4 4 000 500 1064.99 02.1300 00.5 
362 nt 03 2 5 4 9 000 000 1703.73 00.0000 00.0 
363 nt 11 3 1 4 1 003 026 0118.49 04.5573 13.6 
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364 nt 11 3 1 4 2 000 016 0262.28 16.3925 15.4 
365 nt 11 3 1 4 3 000 013 0264.22 20.3246 05.4 
366 nt 11 3 1 4 4 000 022 0535.02 24.3191 12.6 
367 nt 11 3 1 4 5 000 500 0239.30 00.4785 08.9 
368 nt 11 3 1 4 9 000 000 1419.31 00.0000 00.0 
369 nt 01 1 3 4 1 016 005 0136.49 27.2980 03.0 
370 nt 01 1 3 4 2 000 015 0264.91 17.6607 02.4 
371 nt 01 1 3 4 3 000 013 0272.23 20.9408 03.4 
372 nt 01 1 3 4 4 000 018 0513.41 28.5228 06.9 
373 nt 01 1 3 4 5 000 018 0540.87 30.0483 04.3 
374 nt 01 1 3 4 6 000 210 0504.38 02.4018 04.8 
375 nt 01 1 3 4 7 000 500 0271.29 00.5426 04.7 
376 nt 01 1 3 4 9 000 000 2503.58 00.0000 00.0 
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4 0.0000000 0.0000000 01.1 0106.0 0069.7 0.01312 
5 0.0000000 0.0000000 01.2 0136.0 0091.8 0.03448 
6 0.0000000 0.0000000 01.3 0161.0 0114.0 0.03939 
7 0.0000002 0.0000000 01.4 0185.0 0135.0 0.09219 
8 0.0000004 0.0000000 01.5 0149.0 0110.0 0.07357 
9 0.0000004 0.0000000 01.6 0124.0 0091.2 0.06079 
10 0.0000011 0.0001495 01.9 0861.0 0611.7 0.31354 
11 0.0000002 0.0000000 02.1 0097.6 0037.2 0.00679 
12 0.0000004 0.0000000 02.2 0143.0 0075.6 0.03781 
13 0.0000005 0.0000000 02.3 0200.0 0126.0 0.05081 
14 0.0000009 0.0000000 02.4 0239.0 0169.0 0.11984 
15 0.0000011 0.0000000 02.5 0239.0 0169.0 0.08912 
16 0.0000006 0.0000000 02.6 0186.0 0139.0 0.04752 
17 0.0000036 0.0004949 02.9 1104.6 0715.8 0.35190 
18 0.0000002 0.0000000 03.1 0105.0 0046.0 0.01454 
19 0.0000004 0.0000000 03.2 0175.0 0106.0 0.04445 
20 0.0000003 0.0000000 03.3 0219.0 0151.0 0.05706 
21 0.0000011 0.0000000 03.4 0216.0 0157.0 0.10800 
22 0.0000010 0.0000000 03.5 0160.0 0119.0 0.08160 
23 0.0000008 0.0000000 03.6 0116.0 0083.0 0.05191 
24 0.0000010 0.0000000 03.7 0085.0 0060.9 0.04881 
25 0.0000049 0.0006751 03.9 1076.0 0722.9 0.40637 
26 0.0000001 0.0000000 04.1 0102.9 0051.0 0.01148 
27 0.0000007 0.0000000 04.2 0196.0 0137.0 0.04837 
28 0.0000010 0.0000000 04.3 0194.0 0136.0 0.04705 
29 0.0000017 0.0000000 04.4 0154.0 0107.0 0.06357 
30 0.0000036 0.0004708 04.9 0544.0 0380.0 0.17047 
31 0.0000001 0.0000000 05.1 0102.9 0051.0 0.01148 
32 0.0000005 0.0000000 05.2 0155.0 0101.0 0.03490 
33 0.0000005 0.0000000 05.3 0152.0 0094.8 0.03644 
34 0.0000008 0.0000000 05.4 0154.0 0097.5 0.07948 
35 0.0000015 0.0000000 05.5 0143.0 0092.2 0.07214 
36 0.0000017 0.0000000 05.6 0134.0 0087.3 0.03482 
37 0.0000052 0.0006955 05.9 0738.0 0472.8 0.26927 
38 0.0000010 0.0000000 06.1 0153.0 0117.0 0.02994 
39 0.0000009 0.0000000 06.2 0140.0 0113.0 0.03740 
40 0.0000005 0.0000000 06.3 0143.0 0108.0 0.03100 
41 0.0000019 0.0000000 06.4 0126.0 0082.5 0.06464 
42 0.0000009 0.0000000 06.5 0147.0 0092.3 0.06651 
43 0.0000000 0.0000000 06.6 0165.0 0103.0 0.00422 
44 0.0000051 0.0007071 06.9 0874.0 0615.8 0.23372 
45 0.0000011 0.0000000 07.1 0190.0 0142.0 0.02204 
46 0.0000013 0.0000000 07.2 0176.0 0135.0 0.04664 
47 0.0000015 0.0000000 07.3 0168.0 0129.0 0.04280 
48 0.0000027 0.0000000 07.4 0144.0 0110.0 0.07408 
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49 0.0000017 0.0000000 07.5 0134.0 009B.0 0.06889 
50 0.0000007 0.0000000 07.S 0124.0 00B9.7 0.03082 
51 0.0000089 0.0012305 07.9 0936.0 0703.7 0.28527 
52 0.0000005 0.0000000 OB.1 0140.0 0095.9 0.01855 
53 0.0000015 0.0000000 OB.2 0142.0 009S.0 0.03562 
54 0.0000006 0.0000000 OB.3 0142.0 0099.2 0.03614 
55 0.0000037 0.0000000 OB.4 0145.0 010B.0 0.07566 
56 0.0000015 0.0000000 OB.5 0130.0 0093.1 0.07271 
57 0.0000077 0.0010586 08.9 0699.0 0492.2 0.23867 
58 0.0000005 0.0000000 09.1 0120.0 00B7.0 0.01279 
59 0.0000009 0.0000000 09.2 0105.0 007S.0 0.02506 
60 0.0000009 0.0000000 09.3 0094.5 00SB.5 0.02244 
61 0.0000019 0.0000000 09.4 0094.5 00SB.5 0.04993 
62 0.0000018 0.0000000 09.5 0094.5 00SB.5 0.04761 
63 0.0000004 0.0000000 09.S 0079.B 0052.B 0.01164 
64 0.0000063 0.0003580 09.9 0588.3 0421.3 0.16948 
65 0.0000002 0.0000000 10.1 0112.0 00BO.7 0.01749 
66 0.0000004 0.0000000 10.2 0092.4 0053.B 0.02335 
67 0.0000009 0.0000000 10.3 00BS.9 0050.B 0.02141 
68 0.0000005 0.0000000 10.4 00B2.B 0047.7 0.02442 
69 0.0000021 0.0002915 10.9 0374.1 0233.0 0.08667 
70 0.0000009 0.0000000 11.1 0050.4 0005.S 0.00401 
71 0.0000003 0.0000000 11.2 0070.7 001S.0 0.01669 
72 0.0000002 0.0000000 11.3 0100.0 003S.9 0.02436 
73 0.0000083 0.0000000 11.4 0142.0 0074.0 0.07173 
74 0.0000008 0.0000000 11.5 01S5.0 0101.0 0.05677 
75 0.0000105 0.0014474 11.9 0528.1 0233.5 0.17356 
76 0.0000013 0.0000000 12.1 0097.9 0045.7 0.00979 
77 0.0000001 0.0000000 12.2 0119.0 00S3.2 0.02675 
78 0.0000003 0.0000000 12.3 0137.0 0072.B 0.03183 
79 0.0000006 0.0000000 12.4 0175.0 0114.0 0.08460 
80 0.0000003 0.0000000 12.5 0194.0 013S.0 0.06565 
81 0.0000027 0.0003727 12.9 0722.9 0431.7 0.21861 
82 0.0000003 0.0000000 13.1 00S2.0 0024.B 0.00804 
83 0.0000007 0.0000000 13.2 00B2.9 0031.3 0.02218 
84 0.0000009 0.0000000 13.3 0102.0 0040.9 0.02722 
85 0.0000001 0.0000000 13.4 0111.0 0050.S 0.06020 
86 0.0000047 0.0000000 13.5 012B.0 00S9.S 0.07078 
87 0.0000023 0.0000000 13.S 0142.0 00B9.3 0.07819 
88 0.0000015 0.0000000 13.7 0140.0 0091.S 0.04767 
89 0.0000106 0.0014537 13.9 0767.9 0398.1 0.31428 
90 0.0000038 0.0000000 14.1 0202.0 0143.0 0.02014 
91 0.0000005 0.0000000 14.2 0171.0 0115.0 0.03881 
92 0.0000003 0.0000000 14.3 0152.0 0099.7 0.03868 
93 0.0000006 0.0000000 14.4 0137.0 00BS.7 0.07115 
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94 0.0000008 0.0000000 14.5 0126.0 0083.0 0.06606 
95 0.0000004 0.0000000 14.6 0123.0 0078.6 0.00775 
96 0.0000064 0.0008817 14.9 0911.0 0606.0 0.24258 
97 0.0000001 0.0000000 15.1 0066.3 0016.0 0.00514 
98 0.0000002 0.0000000 15.2 0091.3 0036.0 0.02193 
99 0.0000003 0.0000000 15.3 0123.0 0069.6 0.03137 
100 0.0000010 0.0000000 15.4 0136.0 0092.9 0.06761 
101 0.0000003 0.0000000 15.5 0172.0 0125.0 0.00668 
102 0.0000020 0.0002754 15.9 0588.6 0339.5 0.13274 
103 0.0000001 0.0000000 16.1 0083.2 0044.2 0.01141 
104 0.0000012 0.0000000 16.2 0093.6 0056.4 0.02517 
105 0.0000013 0.0000000 16.3 0107.0 0069.0 0.02783 
106 0.0000031 0.0000000 16.4 0110.0 0074.2 0.05815 
107 0.0000008 0.0000000 16.5 0119.0 0077.3 0.01014 
108 0.0000066 0.0009092 16.9 0512.8 0321.1 0.13269 
109 0.0000010 0.0000000 17.1 0196.0 0165.0 0.01993 
110 0.0000015 0.0000000 17.2 0140.0 0114.0 0.03549 
111 0.0000011 0.0000000 17.3 0119.0 0091.0 0.02809 
112 0.0000025 0.0000000 17.4 0100.0 0069.4 0.05013 
113 0.0000011 0.0000000 17.5 0090.9 0051.3 0.03935 
114 0.0000072 0.0009949 17.9 0645.9 0490.7 0.17298 
115 0.0000003 0.0000000 18.1 0133.0 0088.2 0.01580 
116 0.0000013 0.0000000 18.2 0128.0 0085.9 0.03211 
117 0.0000006 0.0000000 18.3 0124.0 0079.9 0.03115 
118 0.0000017 0.0000000 18.4 0114.0 0074.0 0.05684 
119 0.0000004 0.0000000 18.5 0113.0 0074.1 0.01727 
120 0.0000043 0.0005953 18.9 0612.0 0402.1 0.15317 
121 0.0000010 0.0000000 19.1 0163.0 0150.0 0.02396 
122 0.0000018 0.0000000 19.2 0214.0 0181.0 0.05341 
123 0.0000021 0.0000000 19.3 0207.0 0183.0 0.05212 
124 0.0000027 0.0000000 19.4 0185.0 0150.0 0.09088 
125 0.0000032 0.0000000 19.5 0182.0 0144.0 0.08824 
126 0.0000027 0.0000000 19.6 0192.0 0147.0 0.11016 
127 0.0000136 0.0018708 19.9 1143.0 0955.0 0.41878 
128 0.0000019 0.0000000 20.1 0093.5 0065.5 0.01229 
129 0.0000005 0.0000000 20.2 0086.8 0058.3 0.02189 
130 0.0000015 0.0000000 20.3 0097.0 0063.6 0.02470 
131 0.0000017 0.0000000 20.4 0134.0 0085.2 0.14227 
132 0.0000055 0.0007642 20.9 0411.3 0272.6 0.20115 
133 0.0000002 0.0000000 21.1 0087.9 0052.8 0.01188 
134 0.0000001 0.0000000 21.2 0158.0 0107.0 0.04122 
135 0.0000001 0.0000000 21.3 0210.0 0159.0 0.05203 
136 0.0000001 0.0000000 21.4 0217.0 0168.0 0.10896 
137 0.0000001 0.0000000 21.5 0184.0 0142.0 0.06594 
138 0.0000005 0.0000719 21.9 0856.9 0628.8 0.28004 
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139 0.0000006 0.0000000 22.1 0103.0 0069.3 0.02276 
140 0.0000002 0.0000000 22.2 0091.3 0057.5 0.02471 
141 0.0000010 0.0000000 22.3 0087.7 0052.2 0.02276 
142 0.0000004 0.0000000 22.4 0083.6 0051.8 0.04151 
143 0.0000006 0.0000000 22.5 0086.4 0059.4 0.01144 
144 0.0000027 0.0003694 22.9 0452.0 0290.2 0.12319 
145 0.0000003 0.0000000 23.1 0049.1 0021.4 0.01189 
146 0.0000001 0.0000000 23.2 0088.9 0066.1 0.02286 
147 0.0000003 0.0000000 23.3 0117.0 0086.7 0.02688 
148 0.0000002 0.0000000 23.4 0137.0 0103.0 0.06468 
149 0.0000002 0.0000000 23.5 0146.0 0110.0 0.03450 
150 0.0000003 0.0000000 23.6 0115.3 0090.8 0.06008 
151 0.0000014 0.0001868 23.9 0653.3 0478.0 0.22090 
152 0.0000002 0.0000000 24.1 0053.0 0009.8 0.00567 
153 0.0000001 0.0000000 24.2 0084.4 0039.3 0.02053 
154 0.0000002 0.0000000 24.3 0125.0 0073.4 0.03119 
155 0.0000000 0.0000000 24.4 0146.0 0096.3 0.07855 
156 0.0000005 0.0000703 24.9 0408.4 0218.8 0.13594 
157 0.0000006 0.0000000 25.1 0064.9 0025.0 0.00570 
158 0.0000006 0.0000000 25.2 0157.0 0107.0 0.03386 
159 0.0000011 0.0000000 25.3 0119.0 0075.3 0.03037 
160 0.0000000 0.0000000 25.4 0185.0 0130.0 0.09227 
161 0.0000022 0.0000000 25.5 0191.0 0135.0 0.01133 
162 0.0000044 0.0006094 25.9 0716.9 0472.3 0.17352 
163 0.0000010 0.0000000 26.1 0163.0 0138.0 0.03491 
164 0.0000007 0.0000000 26.2 0128.0 0089.3 0.03412 
165 0.0000010 0.0000000 26.3 0122.0 0085.1 0.02476 
166 0.0000015 0.0000000 26.4 0120.0 0092.9 0.06821 
167 0.0000017 0.0000000 26.5 0098.8 0077.6 0.05351 
168 0.0000016 0.0000000 26.6 0088.0 0069.1 0.04503 
169 0.0000003 0.0000000 26.7 0095.4 0077.7 0.03663 
170 0.0000091 0.0012464 26.9 0815.2 0629.7 0.29718 
171 0.0000003 0.0000000 27.1 0005.6 0001.1 0.00080 
172 0.0000002 0.0000000 27.2 0003.0 0010.5 0.00076 
173 0.0000000 0.0000000 27.3 0132.0 0109.0 0.03285 
174 0.0000003 0.0000000 27.4 0102.0 0083.0 0.05436 
175 0.0000005 0.0000000 27.5 0179.0 0145.0 0.09157 
176 0.0000003 0.0000000 27.6 0222.0 0177.0 0.08641 
177 0.0000016 0.0002217 27.9 0643.7 0525.6 0.26675 
178 0.0000007 0.0000000 28.1 0141.9 0116.8 0.02244 
179 0.0000004 0.0000000 28.2 0100.0 0075.5 0.02320 
180 0.0000001 0.0000000 28.3 0098.4 0071.2 0.02560 
181 0.0000002 0.0000000 28.4 0112.0 0084.0 0.02985 
182 0.0000015 0.0001080 28.9 0310.4 0230.7 0.10109 
183 0.0000004 0.0000000 29.1 0178.0 0150.0 0.02793 
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184 0.0000006 0.0000000 29.2 0136.0 0108.0 0.03376 
185 0.0000007 0.0000000 29.3 0124.0 009S.9 0.03202 
186 0.0000005 0.0000000 29.4 0107.0 0083.1 0.05383 
187 0.0000000 0.0000000 29.5 0107.0 0083.1 0.00334 
188 0.0000023 0.0003153 29.9 0652.0 0520.1 0.15089 
189 0.0000010 0.0000000 30.1 0221.0 0178.0 0.02612 
190 0.0000003 0.0000000 30.2 0218.0 0170.0 0.05734 
191 0.0000001 0.0000000 30.3 0209.0 0160.0 0.05269 
192 0.0000004 0.0000000 30.4 0186.0 0144.0 0.03527 
193 0.0000018 0.0002412 30.9 0834.0 0652.0 0.17141 
194 0.0000065 0.0000000 31.1 0127.0 0093.4 0.01395 
195 0.0000004 0.0000000 31.2 0117.0 0083.1 0.03054 
196 0.0000003 0.0000000 31.3 0091.6 0061.S 0.02397 
197 0.0000010 0.0000000 31.4 0082.3 00SO.3 0.04418 
198 0.0000018 0.0000000 31.S 0133.0 0100.0 0.06373 
199 0.0000046 0.0000000 31.6 0089.4 OOSS.S 0.02008 
200 0.0000146 0.0020107 31.9 0640.3 0443.8 0.19644 
201 0.0000002 0.0000000 32.1 0136.0 0086.1 0.01032 
202 0.0000001 0.0000000 32.2 0128.0 0078.9 0.02899 
203 0.0000001 0.0000000 32.3 0118.0 0068.1 0.02745 
204 0.0000003 0.0000000 32.4 0126.0 0069.0 0.06776 
205 0.0000001 0.0000000 32.S 0116.0 0063.7 0.06638 
206 0.0000003 0.0000000 32.6 0112.0 0061.1 0.03440 
207 0.0000011 0.0001570 32.9 0736.0 0426.9 0.23530 
208 0.0000003 0.0000000 33.1 0160.0 01S0.0 0.01754 
209 0.0000003 0.0000000 33.2 0187.0 0174.0 0.04674 
210 0.0000006 0.0000000 33.3 0144.0 0132.0 0.03595 
211 0.0000007 0.0000000 33.4 0119.0 0106.0 0.06183 
212 0.0000003 0.0000000 33.S 0076.1 0066.1 0.00654 
213 0.0000023 0.0003102 33.9 0686.1 0628.1 0.16860 
214 0.0000002 0.0000000 34.1 0027.3 0002.9 0.00332 
215 0.0000014 0.0000000 34.2 005S.8 002S.4 0.01376 
216 0.0000003 0.0000000 34.3 0103.0 0060.9 0.02370 
217 0.0000003 0.0000000 34.4 0143.0 009S.2 0.07097 
218 0.0000006 0.0000000 34.S 0159.0 0109.0 0.07548 
219 0.0000028 0.0003831 34.9 0488.1 0293.4 0.18722 
220 0.0000002 0.0000000 35.1 0036.8 0004.7 0.00412 
221 0.0000002 0.0000000 35.2 0062.8 0016.7 0.01561 
222 0.0000003 0.0000000 35.3 0101.0 004S.6 0.02569 
223 0.0000003 0.0000000 35.4 0182.0 0120.0 0.09116 
224 0.0000001 0.0000000 35.S 0234.0 0160.0 0.01284 
225 0.0000010 0.0001401 35.9 0616.6 0347.0 0.14943 
226 0.0000029 0.0000000 36.1 0071.2 0038.9 0.01006 
227 0.0000003 0.0000000 36.2 0081.S 0047.1 0.02104 
228 0.0000003 0.0000000 36.3 0092.6 00S8.9 0.02403 
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229 0.0000000 0.0000000 36.4 0107.0 0073.4 0.04349 
230 0.0000000 0.0000000 36.5 0132.0 0094.8 0.00258 
231 0.0000046 0.0006283 36.9 0484.3 0313.1 0.10120 
232 0.0000009 0.0000000 37.1 0054.6 0022.3 0.00570 
233 0.0000013 0.0000000 37.2 0052.1 0022.7 0.01312 
234 0.0000002 0.0000000 37.3 0052.7 0022.7 0.01334 
235 0.0000003 0.0000000 37.4 0058.5 0023.4 0.03199 
236 0.0000004 0.0000000 37.5 0061.3 0030.8 0.03399 
237 0.0000003 0.0000000 37.6 0067.6 0037.5 0.03503 
238 0.0000002 0.0000000 37.7 0072.8 0042.6 0.01189 
239 0.0000034 0.0004732 37.9 0419.6 0202.0 0.14504 
240 0.0000002 0.0000000 38.1 0084.8 0055.4 0.00969 
241 0.0000044 0.0000000 38.2 0086.7 0057.8 0.022n 
242 0.0000003 0.0000000 38.3 0082.6 0051.2 0.02063 
243 0.0000008 0.0000000 38.4 0065.6 0036.8 0.03351 
244 0.0000018 0.0000000 38.5 0080.4 0043.9 0.04606 
245 0.0000075 0.0010344 38.9 0400.1 0245.1 0.13266 
246 0.0000003 0.0000000 39.1 0086.6 0038.3 0.01317 
247 0.0000007 0.0000000 39.2 0114.0 0054.7 0.03076 
248 0.0000008 0.0000000 39.3 0132.0 0074.8 0.03291 
249 0.0000006 0.0000000 39.4 0134.0 0085.4 0.11169 
250 0.0000002 0.0000000 39.5 0126.0 0083.4 0.00821 
251 0.0000026 0.0003519 39.9 0592.6 0336.6 0.19674 
252 0.0000001 0.0000000 40.1 0054.8 0029.2 0.00637 
253 0.0000004 0.0000000 40.2 0083.2 0051.7 0.02096 
254 0.0000002 0.0000000 40.3 0128.0 0092.6 0.03224 
255 0.0000003 0.0000000 40.4 0162.0 0125.0 0.08122 
256 0.0000003 0.0000000 40.5 0162.0 0125.0 0.09369 
257 0.0000012 0.0001699 40.9 0590.0 0423.5 0.23448 
258 0.0000005 0.0000000 41.1 0123.0 0082.2 0.01280 
259 0.0000002 0.0000000 41.2 0135.0 0089.6 0.03226 
260 0.0000002 0.0000000 41.3 0150.0 0098.8 0.03788 
261 0.0000004 0.0000000 41.4 0146.0 0096.7 0.07859 
262 0.0000001 0.0000000 41.5 0146.0 0096.7 0.01446 
263 0.0000013 0.0001738 41.9 0700.0 0464.0 0.17599 
264 0.0000002 0.0000000 42.1 0124.0 0076.0 0.01385 
265 0.0000004 0.0000000 42.2 0160.0 0102.0 0.03n6 
266 0.0000005 0.0000000 42.3 0186.0 0134.0 0.04856 
267 0.0000011 0.0000000 42.4 0184.0 0138.0 0.09722 
268 0.0000006 0.0000000 42.5 0157.0 0116.0 0.06069 
269 0.0000028 0.0003917 42.9 0811.0 0566.0 0.25809 
270 0.0000002 0.0000000 43.1 0082.0 0033.4 0.01144 
271 0.0000005 0.0000000 43.2 0129.0 0076.9 0.03179 
272 0.0000008 0.0000000 43.3 0184.0 0131.0 0.04627 
273 0.0000002 0.0000000 43.4 0220.0 0170.0 0.11030 
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274 0.0000003 0.0000000 43.5 0206.0 0162.0 0.06522 
275 0.0000019 0.0002591 43.9 0821.0 0573.3 0.26501 
276 0.0000011 0.0000000 44.1 0083.6 0043.6 0.01140 
277 0.0000004 0.0000000 44.2 0102.0 0062.4 0.02620 
278 0.0000003 0.0000000 44.3 0117.0 0074.5 0.03169 
279 0.0000003 0.0000000 44.4 0120.0 0079.0 0.05883 
280 0.0000004 0.0000000 44.5 0115.0 0080.8 0.05517 
281 0.0000025 0.0003390 44.9 0537.6 0340.3 0.18329 
282 0.0000007 0.0000000 45.1 0173.0 0131.0 0.01629 
283 0.0000000 0.0000000 45.2 0178.0 0129.0 0.00577 
284 0.0000007 0.0000908 45.9 0351.0 0260.0 0.02207 
285 0.0000003 0.0000000 46.1 0181.5 0158.8 0.02484 
286 0.0000004 0.0000000 46.2 0198.0 0148.0 0.04977 
287 0.0000009 0.0000000 46.3 0183.0 0138.0 0.04683 
288 0.0000012 0.0000000 46.4 0149.8 0122.0 0.07710 
289 0.0000007 0.0000000 46.5 0167.0 0126.0 0.05021 
290 0.0000036 0.0003245 46.9 0548.0 0412.0 0.24874 
291 0.0000010 0.0000000 47.1 0158.0 0123.0 0.01805 
292 0.0000004 0.0000000 47.2 0137.0 0110.0 0.03262 
293 0.0000003 0.0000000 47.3 0130.0 0104.0 0.03067 
294 0.0000006 0.0000000 47.4 0164.0 0123.0 0.08410 
295 0.0000004 0.0000000 47.5 0114.0 0092.4 0.01607 
296 0.0000027 0.0003718 47.9 0703.0 0552.4 0.18151 
297 0.0000051 0.0000000 48.1 0210.0 0168.0 0.03092 
298 0.0000040 0.0000000 48.2 0214.0 0171.0 0.05258 
299 0.0000049 0.0000000 48.3 0197.0 0170.0 0.04830 
300 0.0000004 0.0000000 48.4 0163.0 0136.0 0.08446 
301 0.0000009 0.0000000 48.5 0129.0 0111.0 0.07355 
302 0.0000153 0.0021108 48.9 0913.0 0756.0 0.28981 
303 0.0000009 0.0000000 49.1 0201.0 0198.0 0.02572 
304 0.0000020 0.0000000 49.2 0174.0 0155.0 0.04538 
305 0.0000014 0.0000000 49.3 0142.0 0139.0 0.03641 
306 0.0000023 0.0000000 49.4 0134.0 0115.0 0.06836 
307 0.0000026 0.0000000 49.5 0110.0 0102.0 0.05529 
308 0.0000003 0.0000000 49.6 0110.0 0102.0 0.00654 
309 0.0000094 0.0012543 49.9 0871.0 0811.0 0.23770 
310 0.0000009 0.0000000 50.1 0157.0 0146.0 0.02465 
311 0.0000010 0.0000000 50.2 0145.0 0130.0 0.03641 
312 0.0000010 0.0000000 50.3 0143.0 0126.0 0.03605 
313 0.0000016 0.0000000 50.4 0138.0 0114.0 0.07147 
314 0.0000018 0.0000000 50.5 0138.0 0114.0 0.06131 
315 0.0000062 0.0008606 50.9 0721.0 0630.0 0.22990 
316 0.0000007 0.0000000 51.1 0061.8 0033.7 0.00651 
317 0.0000004 0.0000000 51.2 0082.7 0048.2 0.02148 
318 0.0000003 0.0000000 51.3 0104.0 0069.6 0.02792 
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319 0.0000011 0.0000000 51.4 0142.0 0109.0 0.07704 
320 0.0000010 0.0000000 51.5 0158.0 0128.0 0.04418 
321 0.0000036 0.0004988 51.9 0548.5 0388.5 0.17714 
322 0.0000002 0.0000000 52.1 0114.0 0058.1 0.01873 
323 0.0000002 0.0000000 52.2 0126.0 0073.7 0.03133 
324 0.0000004 0.0000000 52.3 0134.0 0087.8 0.03038 
325 0.0000003 0.0000000 52.4 0140.0 0104.0 0.07431 
326 0.0000003 0.0000000 52.5 0136.0 0104.0 0.02193 
327 0.0000014 0.0001862 52.9 0650.0 0427.6 0.17669 
328 0.0000009 0.0000000 53.1 0048.8 0036.3 0.00477 
329 0.0000001 0.0000000 53.2 0062.9 0038.5 0.01522 
330 0.0000001 0.0000000 53.3 0099.7 0068.6 0.02462 
331 0.0000003 0.0000000 53.4 0146.0 0117.0 0.07365 
332 0.0000003 0.0000000 53.5 0164.0 0133.0 0.03539 
333 0.0000018 0.0002529 53.9 0521.4 0393.4 0.15366 
334 0.0000014 0.0000000 54.1 0086.0 0056.3 0.00855 
335 0.0000002 0.0000000 54.2 0147.0 0097.7 0.03460 
336 0.0000005 0.0000000 54.3 0190.0 0146.0 0.03825 
337 0.0000002 0.0000000 54.4 0187.0 0141.0 0.01400 
338 0.0000023 0.0003186 54.9 0610.0 0441.0 0.09540 
339 0.0000002 0.0000000 55.1 0085.3 0047.0 0.00871 
340 0.0000003 0.0000000 55.2 0110.0 0071.0 0.02482 
341 0.0000002 0.0000000 55.3 0138.0 0094.0 0.03390 
342 0.0000006 0.0000000 55.4 0139.0 0090.6 0.07063 
343 0.0000013 0.0000000 55.5 0131.0 0089.7 0.02667 
344 0.0000026 0.0003545 55.9 0603.3 0392.3 0.16472 
345 0.0000002 0.0000000 56.1 0106.0 0070.4 0.01145 
346 0.0000002 0.0000000 56.2 0108.0 0076.7 0.02213 
347 0.0000004 0.0000000 56.3 0116.0 0084.3 0.02991 
348 0.0000006 0.0000000 56.4 0112.0 0087.5 0.06115 
349 0.0000005 0.0000000 56.5 0105.0 0078.8 0.05953 
350 0.0000018 0.0002478 56.9 0547.0 0397.7 0.18416 
351 0.0000002 0.0000000 57.1 0090.0 0070.7 0.01189 
352 0.0000030 0.0000000 57.2 0125.0 0093.3 0.03394 
353 0.0000004 0.0000000 57.3 0133.0 0096.7 0.03596 
354 0.0000005 0.0000000 57.4 0131.0 0105.0 0.06804 
355 0.0000024 0.0000000 57.5 0129.0 0104.0 0.06496 
356 0.0000009 0.0000000 57.6 0125.0 0101.0 0.05169 
357 0.0000074 0.0010226 57.9 0733.0 0570.7 0.26647 
358 0.0000002 0.0000000 58.1 0019.1 0009.2 0.00223 
359 0.0000014 0.0000000 58.2 0032.4 0013.0 0.00821 
360 0.0000003 0.0000000 58.3 0042.2 0017.1 0.01135 
361 0.0000005 0.0000000 58.4 0094.9 0068.3 0.10107 
362 0.0000025 0.0003398 58.9 0188.6 0107.6 0.12285 
363 0.0000016 0.0000000 59.1 0055.1 0046.1 0.00653 
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364 0.0000040 0.0000000 59.2 0059.0 0044.8 0.01547 
365 0.0000014 0.0000000 59.3 0056.9 0042.5 0.01503 
366 0.0000067 0.0000000 59.4 0059.7 0041.3 0.03194 
367 0.0000021 0.0000000 59.5 0061.2 0039.2 0.01465 
368 0.0000159 0.0021962 59.9 0291.9 0213.9 0.08362 
369 0.0000004 0.0000000 60.1 0173.0 0129.0 0.02361 
370 0.0000006 0.0000000 60.2 0194.0 0151.0 0.05139 
371 0.0000009 0.0000000 60.3 0184.0 0123.0 0.05009 
372 0.0000035 0.0000000 60.4 0158.0 0122.0 0.08112 
373 0.0000023 0.0000000 60.5 0123.0 0091.8 0.06653 
374 0.0000024 0.0000000 60.6 0097.4 0071.8 0.04913 
375 0.0000013 0.0000000 60.7 0097.7 0069.9 0.02651 
376 0.0000115 0.0015885 60.9 1027.1 0758.5 0.34837 
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4 0.00863 00.381714 004.0462 
5 0.02328 00.781838 010.6330 
6 0.02789 00.754487 012.1472 
7 0.06727 01.536540 028.4260 
8 0.05431 01.522510 022.6854 
9 0.04471 01.511718 018.7453 
10 0.22609 06.488807 096.6831 148.99981 107.441536 0.000515784 
11 0.00259 00.214616 002.0947 
12 0.01999 00.815264 011.6583 
13 0.03201 00.783380 015.6676 
14 0.08474 01.546223 036.9547 
15 0.06302 01.149830 027.4809 
16 0.03552 00.787882 014.6546 
17 0.23786 05.297194 108.5108 204.84578 138.464249 0.002091811 
18 0.00637 00.426981 004.4833 
19 0.02692 00.783164 013.7054 
20 0.03935 00.803484 017.5963 
21 0.07850 01.541813 033.3032 
22 0.06069 01.572525 025.1604 
23 0.03714 01.379833 016.0061 
0.03497 01.770799 015.0518 
0.28394 08.278600 125.3064 151.36183 105.7601091 0.001826118 
0.00586 00.167407 001.7221 
0.03381 00.760993 014.9155 
0.03299 00.747888 014.5090 
0.04417 01.272803 019.6012 
0.11682 02.949090 050.7477 178.24827 122.1513828 0.003724461 
0.00586 00.248073 002.5518 
0.02274 00.694265 010.7611 
0.02273 00.739192 011.2357 
0.05032 01.591489 024.5089 
0.04652 01.555689 022.2464 
0.02269 00.801357 010.7382 
0.17085 05.630065 082.0421 147.47907 93.57549881 0.002844495 
0.02289 00.603361 009.2314 
0.03019 00.823805 011.5333 
0.02341 00.668486 009.5593 
0.04232 01.581930 019.9323 
0.04176 01.395190 020.5093 
0.00264 00.078908 001.3020 
0.16322 05.151681 072.0676 139.89152 97.69482549 0.003073564 
0.01647 00.357755 006.7973 
0.035n 00.817114 014.3812 
0.03286 00.785569 013.1976 
0.05659 01.586247 022.8420 
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0.05038 01.585230 021.2421 
0.02229 00.766389 009.5032 
0.21437 05.898304 087.9634 149.13333 112.072013 0.004671265 
0.01270 00.408511 005.7191 
0.02408 00.773543 010.9843 
0.02525 00.784829 011.1446 
0.05635 01.608942 023.3297 
0.05207 01.724545 022.4191 
0.17046 05.300370 073.5968 138.85216 99.16519946 0.004472191 
0.00928 00.328739 003.9449 
0.01814 00.736078 007.7288 
0.01627 00.732316 006.9204 
0.03619 01.629232 015.3962 
0.03451 01.553654 014.6820 
o.oono 00.449800 003.5894 
0.12209 05.429818 052.2617 96.249525 69.33619704 0.003586654 
0.01260 00.481529 005.3931 
0.01360 00.779217 007.2000 
0.01252 00.759667 006.6015 
0.01407 00.909436 007.5301 
0.05278 02.929849 026.7247 91.215374 55.5497774 0.002228064 
0.00045 00.245174 001.2357 
0.00378 00.728122 005.1478 
0.00899 00.751064 007.5106 
0.03738 01.557601 022.1179 
0.03475 01.060993 017.5064 
0.08535 04.342954 053.5185 123.23054 60.59694509 0.007462557 
0.00457 00.308295 003.0182 
0.01420 00.693031 008.2471 
0.01691 00.716405 009.8147 
0.05511 01.490657 026.0865 
0.04602 01.043417 020.2423 
0.13682 04.251804 067.4088 158.54164 99.2243375 0.001962985 
0.00322 00.399815 002.4789 
0.00837 00.824884 006.8383 
0.01092 00.822942 008.3940 
0.02744 01.672402 018.5637 
0.03849 01. 705150 021.8259 
0.04917 01.697811 024.1089 
0.03119 01.050015 014.7002 
0.16880 08.173019 096.9099 118.5729 63.68399251 0.00398278 
0.01426 00.307431 006.2101 
0.02610 00.699784 011.9663 
0.02537 00.784767 011.9285 
0.04503 01.601357 021.9386 
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94 0.04351 01.616559 020.3686 
95 0.00495 00.194172 002.3883 
96 0.15922 05.204070 074.8004 143.73447 94.34021023 0.003793908 
97 0.00124 00.239007 001.5846 
98 0.00865 00.740580 006.7615 
99 0.01n5 00.786556 009.6746 
100 0.04619 01.532994 020.8487 
101 0.00486 00.119827 002.0610 
102 0.07868 03.418964 040.9305 119.71608 70.96384552 0.001803951 
103 0.00606 00.423003 003.5194 
104 0.01516 00.829109 007.7605 
105 0.01794 00.801912 008.5805 
106 0.03922 01.630003 017.9300 
107 0.00659 00.262689 003.1260 
108 0.08498 03.946716 040.9163 103.67185 66.39506922 0.005158122 
109 0.01678 00.313599 006.1465 
110 0.02890 00.781591 010.9423 
111 0.02148 00.727814 008.6610 
112 0.03479 01.545729 015.4573 
113 0.02220 01.334690 012.1323 
114 0.12415 04.703423 053.3394 113.40553 81.3916647 0.004736601 
115 0.01048 00.366235 004.8709 
116 0.02155 00.773574 009.9017 
117 0.02007 00.774684 009.6061 
118 0.03690 01.537434 017.5268 
119 0.01133 00.471385 005.3266 
120 0.10032 03.923312 047.2321 120.38847 78.84892363 0.003397653 
121 0.02205 00.453346 007.3895 
122 0.04518 00.769627 016.4700 
123 0.04608 00.776442 016.0723 
124 0.07369 01.514863 028.0250 
125 0.06982 01.495066 027.2102 
126 0.08434 01.769134 033.9674 
127 0.34116 06.778477 129.1344 190.50655 155.1933802 0.006179836 
128 0.00861 00.405458 003.7910 
129 0.01470 00.7n521 006.7489 
130 0.01620 00.785322 007.6176 
131 0.09046 03.273851 043.8696 
132 0.12997 05.242152 062.0271 118.32381 76.45058028 0.003264357 
133 0.00714 00.416713 003.6629 
134 0.02792 00.804502 012.7111 
135 0.03940 00.764015 016.0443 
136 0.08436 01.548319 033.5985 
137 0.05089 01.105119 020.3342 
138 0.20969 04.638668 086.3511 186.15488 139.3949838 0.000346902 
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139 0.01531 00.681375 007.0182 
140 0.01556 00.834659 007.6204 
141 0.01355 00.800370 007.0192 
142 0.02572 01.531051 012.7996 
143 0.00787 00.408449 003.5290 
144 0.07801 04.255905 037.9864 89.255843 56.52425608 0.001943437 
145 0.00518 00.746562 003.6656 
146 0.01700 00.793031 007.0500 
147 0.01992 00.708511 008.2896 
148 0.04863 01.455874 019.9455 
149 0.02600 00.728708 010.6391 
150 0.04731 01.606691 018.5252 
151 0.16404 06.039377 068.1150 112.78482 83.75435701 0.000692644 
152 0.00104 00.329818 001.7480 
153 0.00956 00.750015 006.3301 
154 0.01831 00.769380 009.6173 
155 0.05181 01.659050 024.2221 
156 0.08073 03.508264 041.9176 119.48232 70.95543055 0.00044843 
157 0.00220 00.270768 001.7573 
158 0.02307 00.664940 010.4396 
159 0.01922 00.786957 009.3648 
160 0.06484 01.537959 028.4522 
161 0.00801 00.182886 003.4931 
162 0.11733 03.443509 053.5070 155.38505 105.0671989 0.003962591 
163 0.02955 00.660376 010.7641 
164 0.02381 00.822078 010.5226 
165 0.01727 00.625933 007.6364 
166 0.05281 01.752852 021.0342 
167 0.04203 01.670059 016.5002 
168 0.03536 01.577983 013.8863 
169 0.02983 01.183842 011.2939 
170 0.23066 08.293124 091.6376 110.49833 85.7662475 0.003365219 
0.00016 00.435954 000.2454 
0.00265 00.776781 000.2354 
0.02712 00.767283 010.1281 
0.04424 01.643509 016.7638 
0.07418 01.577521 028.2376 
0.06889 01.200185 026.6441 
0.21724 06.401233 082.2545 128.49785 104.6472688 0.000775523 
0.01857 00.268671 003.8126 
0.01752 00.715449 007.1545 
0.01852 00.802282 007.8945 
0.02239 00.821801 009.2042 
0.07700 02.608202 028.0658 119.5142 91.03419595 0.001718867 
0.02353 00.483780 008.6113 
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184 0.02681 00.765495 010.4107 
185 0.02477 00.796361 009.8749 
186 0.04181 01.551403 016.6000 
187 0.00259 00.096238 001.0297 
188 0.11951 03.693278 046.5267 125.97661 99.78413916 0.001911756 
189 0.02104 00.364416 008.0536 
190 0.04471 00.811008 017.6800 
191 0.04033 00.777336 016.2463 
192 0.02731 00.584736 010.8761 
193 0.13339 02.537496 052.8560 208.29975 162.0941051 0.002128877 
194 0.01026 00.338760 004.3023 
195 0.02169 00.804810 009.4163 
196 0.01609 00.806784 007.3901 
197 0.02700 01.655412 013.6240 
198 0.04792 01.477490 019.6506 
199 0.01247 00.692569 006.1916 
200 0.13542 05.775825 060.5749 104.87662 72.29979126 0.007795101 
201 0.00654 00.234073 003.1834 
202 0.01787 00.698427 008.9399 
203 0.01584 00.717360 008.4649 
204 0.03710 01.658156 020.8928 
205 0.03645 01.764632 020.4697 
206 0.01877 00.947024 010.6067 
207 0.13257 06.019673 072.5573 120.5336 67.9098116 0.000583874 
208 0.01644 00.337990 005.4078 
209 0.04349 00.770706 014.4122 
210 0.03296 00.769874 011.0862 
211 0.05508 01.602189 019.0661 
212 0.00568 00.264971 002.0164 
213 0.15364 03.745729 051.9887 138.79459 126.4830441 0.001854624 
214 0.00035 00.374746 001.0231 
215 0.00626 00.760130 004.2415 
216 0.01401 00.709374 007.3066 
217 0.04725 01.530373 021.8843 
218 0.05175 01.463891 023.2759 
219 0.11962 04.838514 057.7313 119.31627 76.2322153 0.001773088 
220 0.00053 00.345174 001.2702 
221 0.00415 00.766667 004.8147 
222 0.01160 00.784243 007.9209 
223 0.06011 01.544527 028.1104 
224 0.00878 00.169257 003.9606 
225 0.08517 03.609867 046.0768 127.64114 72.75204548 0.000869031 
226 0.00549 00.435553 003.1011 
227 0.01216 00.795930 006.4868 
228 0.01529 00.800308 007.4109 
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229 0.02983 01.253191 013.4091 
230 0.00186 00.060376 000.7970 
231 0.06463 03.345359 031.2049 93.278287 59.56831137 0.00420546 
232 0.00233 00.321677 001.7564 
233 0.00572 00.776349 004.0448 
234 0.00574 00.780265 004.1120 
235 0.01280 01.686247 009.8645 
236 0.01708 01.709652 010.4802 
237 0.01943 01.597842 010.8014 
238 0.00696 00.503515 003.6656 
239 0.07005 07.375547 044.7248 60.639358 29.2849876 0.001436518 
240 0.00633 00.352174 002.9864 
241 0.01518 00.809775 007.0207 
242 0.01279 00.770244 006.3622 
243 0.01880 01.575301 010.3340 
244 0.02515 01.766667 014.2040 
245 0.07825 05.274160 040.9074 77.561867 45.74750089 0.004391639 
246 0.00583 00.468979 004.0614 
247 0.01476 00.832007 009.4849 
248 0.01865 00.768856 010.1489 
249 0.07118 02.570182 034.4404 
250 0.00543 00.200894 002.5313 
251 0.11585 04.840919 060.6668 125.32094 73.79410094 0.001627756 
252 0.00340 00.358649 001.9654 
253 0.01302 00.776812 006.4631 
254 0.02332 00.776565 009.9400 
255 0.06267 01.545976 025.0448 
256 0.07229 01.783380 028.8907 
257 0.17470 05.241381 072.3041 137.94848 102.7807422 0.000725743 
258 0.00855 00.320876 003.9468 
259 0.02141 00.736818 009.9470 
260 0.02495 00.778600 011.6790 
261 0.05205 01.659914 024.2347 
262 0.00958 00.305427 004.4592 
263 0.11654 03.801634 054.2668 142.74594 94.53013213 0.001079821 
264 0.00849 00.344403 004.2706 
265 0.02407 00.727783 011.6445 
266 0.03499 00.805088 014.9746 
267 0.07292 01.629325 029.9796 
268 0.04484 01.191983 018.7141 
269 0.18531 04.698582 079.5835 169.37764 121.6126792 0.001866716 
270 0.00466 00.430065 003.5265 
271 0.01895 00.760006 009.8041 
272 0.03294 00.775424 014.2678 
273 0.08523 01.545945 034.0108 
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274 0.05129 00.976195 020.1096 
275 0.19307 04.487635 081.7188 182.09774 132.6630691 0.001292607 
276 0.00594 00.420444 003.5149 
277 0.01603 00.792137 008.0798 
278 0.02018 00.835245 009.7724 
279 0.03873 01.511687 018.1402 
280 0.03876 01.479278 017.0117 
281 0.11965 05.038791 056.5190 112.16781 73.2190315 0.001506599 
282 0.01234 00.290441 005.0246 
283 0.00418 00.100031 001.7805 
284 0.01652 00.390472 006.8052 174.2809 130.4876412 0.005206744 
285 0.02176 00.398335 007.2298 
286 0.03720 00.775054 015.3461 
287 0.03531 00.789053 014.4397 
288 0.06281 01.531915 022.9404 
289 0.03789 00.927166 015.4837 
290 0.19498 04.421523 075.4396 173.47406 135.9757253 0.002508358 
291 0.01406 00.352359 005.5673 
292 0.02619 00.734135 010.0577 
293 0.02454 00.727536 009.4580 
294 0.06308 01.581344 025.9340 
295 0.01302 00.434567 004.9541 
296 0.14088 03.829941 055.9710 146.14062 113.4268282 0.002174007 
297 0.02473 00.453993 009.5339 
298 0.04202 00.757663 016.2140 
299 0.04168 00.755998 014.8932 
300 0.07047 01.597872 026.0453 
301 0.06329 01.758064 022.6790 
302 0.24219 05.323589 089.3653 167.86669 140.2825062 0.008878418 
303 0.02534 00.394573 007.9309 
304 0.04042 00.804194 013.9930 
305 0.03565 00.790749 011.2286 
306 0.05867 01.573080 021.0793 
307 0.05127 01.550015 017.0502 
308 0.00606 00.183225 002.0155 
309 0.21741 05.295837 073.2975 138.40579 126.587054 0.005480092 
310 0.02292 00.484150 007.6012 
311 0.03264 00.774314 011.2276 
312 0.03177 00.777459 011.1177 
313 0.05904 01.596978 022.0383 
314 0.05065 01.370028 018.9064 
315 0.19703 05.002929 070.8911 141.6991 121.4379118 0.00385201 
316 0.00355 00.324761 002.0070 
317 0.01252 00.801079 006.6249 
318 0.01869 00.827906 008.6102 
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319 0.05914 01.672988 023.7564 
320 0.03579 00.862288 013.6242 
321 0.12969 04.489023 054.6228 121.68073 89.08560713 0.002488011 
322 0.00955 00.506691 005.7763 
323 0.01832 00.766698 009.6604 
324 0.01991 00.699198 009.3693 
325 0.05521 01.636818 022.9154 
326 0.01677 00.497286 006.7631 
327 0.11976 04.106691 054.4845 132.67243 89.9217375 0.001015381 
328 0.00355 00.301264 001.4702 
329 0.00932 00.746315 004.6943 
330 0.01694 00.761548 007.5926 
331 0.05902 01.555566 022.7113 
332 0.02870 00.665433 010.9131 
333 0.11753 04.030126 047.3815 117.56825 89.92646886 0.001404869 
334 0.00560 00.306630 002.6370 
335 0.02300 00.725809 010.6694 
336 0.02939 00.620722 011.7937 
337 0.01056 00.230897 004.3178 
338 0.06854 01.884058 029.4179 156.14118 112.1816334 0.003786321 
339 0.00480 00.314709 002.6845 
340 0.01602 00.695837 007.6542 
341 0.02309 00.757478 010.4532 
342 0.04604 01.566821 021.7788 
343 0.01826 00.627660 008.2223 
344 0.10820 03.962504 050.7930 128.18414 84.20273844 0.002003386 
345 0.00760 00.333056 003.5304 
346 0.01572 00.631915 006.8247 
347 0.02173 00.795005 009.2221 
348 0.04777 01.683472 018.8549 
349 0.04467 01.748196 018.3561 
350 0.13750 05.191644 056.7881 109.38361 81.66884923 0.001068624 
351 0.00934 00.407370 003.6663 
352 0.02533 00.837280 010.4660 
353 0.02614 00.833642 011.0874 
354 0.05453 01.601542 020.9802 
355 0.05237 01.552729 020.0302 
356 0.04176 01.274992 015.9374 
357 0.20948 06.507555 082.1676 126.26489 99.26191765 0.00351876 
358 0.00107 00.359266 000.6862 
359 0.00329 00.781098 002.5308 
360 0.00460 00.829232 003.4994 
361 0.07274 03.283965 031.1648 
362 0.08170 05.253562 037.8811 72.105651 47.95630834 0.001448436 
363 0.00546 00.365372 002.0132 
1 
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364 0.01175 00.808757 004.7717 
365 0.01123 00.814739 004.6359 
366 0.02210 01.649769 009.8491 
367 0.00938 00.737897 004.5159 
368 0.05992 04.376534 025.7858 58.918271 42.21683001 0.011236718 
369 0.01761 00.420876 007.2812 
370 0.04000 00.816867 015.8472 
371 0.03348 00.839439 015.4457 
372 0.06264 01.583133 025.0135 
373 0.04965 01.667808 020.5140 
374 0.03621 01.555288 015.1485 
375 0.01896 00.836540 008.1730 
376 0.25856 07.719951 107.4231 139.14996 103.2754899 0.004607479 
